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ABSTRACT 
 
 
The built environment contributes a substantial share of environmental degradation 
being experienced in contemporary society. As such, monitoring the environmental 
sustainability performance of these temporary multi-organizations during project 
delivery has become imperative. The incidence of poor environmental sustainability 
performance appears to have worsened as a result of project teams that lack knowledge 
on environmental sustainability, lack of technology implementation on sustainable 
workflow, pollution during construction activity, minimum waste regulators, poor 
energy usage control and inexperienced appointed professionals. This study was done 
to evaluate critical factors that influence environmental sustainability performance of 
construction projects in the Free State, South Africa. Several factors were deduced from 
a review of relevant literature. The identified factors were subsequently categorized 
into six main categories which relied upon in the development of questionnaires for the 
survey. Using a quantitative approach, structured questionnaires were sent out to 
construction professionals who are based within the study area. Out of 165 
questionnaires that were sent out, 101 were completed and reflecting a 61% response 
rate. 
 
According to the study results, the factors that affect the environment were identified a 
categorized according to the following: legislation, design and construction-related 
factors. From the analysed data, it is evident that there is an immense difference 
between the perception of the design team (consultants) and the contractors regarding 
the enhancement of environmental sustainability performance on construction projects. 
To consultants, design related factors are the most critical factors, whereas contractors 
believe in maximum profit and production, which leads to poor environmental aspect 
of construction. However, both groups agreed that proper planning and techniques are 
important, from design phase to and during construction phase, will engender improved 
environmental sustainability performance. It is recommended that companies should 
manage, measure and communicate their environmental sustainability performance. 
This will lead to an improved understanding on how to secure process advancements, 
cost reduction whilst complying with regulatory requirements and stakeholder 
expectations, and, take advantage of new market opportunities. 
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Chapter 1 
1.1 Background 
The construction industry has been accused of causing several environmental problems 
ranging from excessive consumption of global resources to the pollution of the 
surrounding environment. Research on green building design and building materials to 
minimise environmental impact is already underway both in terms of construction and 
building operation (Ding, 2007). Environmental performance has always been an 
important issue in the construction industry. In this era of sustainability and sustainable 
development wherein the attainment of improved levels of environmental sustainability 
performance has gained pre-eminence; several countries are working towards 
upholding a balance between developing the built environment and protecting the 
natural environment. Construction activity is generally considered to have adverse 
impacts on the environment. It is considered that the delivery of a construction project 
in manner which creates less distortion to the ecological equilibrium has the potential 
to contribute significantly towards sustainable development (Shen, et al., 2002). The 
construction industry has been accused of causing environmental problems stretching 
from excessive consumption of non-renewable resources during construction activities 
to the pollution of the surrounding environment (Ding, 2007).  
 
Sustainability and environmental issues are quickly emerging as one of the major topics 
for strategic business, manufacturing, management and product development decisions. 
This awareness of the natural environment is reflected in the resurgence of innovative 
environmentally conscious products, being offered to customers in recent years (Sezen 
& Çankaya, 2013). Also, building environmental assessment methods have emerged as 
a relevant means of evaluating the performance of buildings across a broad range of 
environmental concerns. The increase in the application and development of such 
methods has provided considerable theoretical and practical experience concerning 
their potential contribution in furthering environmentally responsible building design, 
construction and operational practices. (Cole, 1999). 
 
Constructing a building of any significant size is a costly and complex venture, 
requiring the combined efforts of countless participants and the coordination of 
numerous tasks. Managing this process requires an in-depth understanding of the work 
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required, of the ways in which different aspects of the work depend upon each other, 
and of the constrains on the sequence in which the work must be executed (Allen & 
Iano, 2009) 
1.2 Research Problem Statement 
The construction industry has a significant impact on the environment over an 
expensive scope of its range of activities on site as well as operational activities, which 
impact environmental integrity. The less predictable the environment, the greater its 
potential effects and the more it must be taken into account in managing the 
development of construction projects (Akanni, Oke, Akpomiemie, 2014). Activities are 
expected to make build environment and construction activities sustainable or 
manageable states (Levin 1997). The design of a project is highly rated in achieving the 
goal of sustainable development or to minimise environmental impacts through 
appropriate management on site. Before any detailed design or even before a 
commitment is made to go ahead with a development, environmental factors have to be 
taken into consideration in order to encourage sustainability performance during its 
project lifecycle (PL). Nevertheless, little or no concern has been given to the 
importance of selecting more environmentally friendly designs during the project 
evaluation stage, the stage when environmental matters are best incorporated which has 
some impact on the environmental integrity (Ding, 2007). 
 
There are many factors of uncertainty in construction projects, as a result of these 
factors, construction projects faced problems that caused delays and complications in 
project completion. A number of barriers to the achievement of environmental 
sustainability performance (ESP) are faced by the construction industry of South 
Africa. In the current nature of construction, maximum profit is a common denominator 
when it comes to construction projects. Thus, the ignorance of taking the environment 
in consideration and how it affects the outcome of construction projects portends a 
major problem. This study sort to identify and evaluate factors which influence ESP on 
construction projects in South Africa; relying on a Free State exemplar. 
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1.3 Research Question(s) 
Research Main question 
What are the critical factors influencing environmental sustainability performance of 
construction projects in the South African Construction industry?  
 
Research Sub-question: 
1. What constitutes environmental sustainability performance in a construction 
project? 
2. What are the Key Performance Indicators for measuring environmental 
sustainability performance of construction projects? 
3. What type of factors will affect the environmental sustainability performance of 
construction projects? 
4. How is environmental sustainability performance managed on construction 
projects?  
 
1.4 Research Aim and Objectives  
The aim of this study is to evaluate the factors influencing the environmental 
sustainability performance of construction projects in South Africa. 
 
Objectives 
 To develop an understanding of concept of environmental sustainability 
performance as it concerns construction project delivery 
 To determine the KPIs for measuring environmental sustainability performance 
of construction projects 
 To identify the various approaches to environmental sustainability performance 
management in construction projects.  
 To identify and assess the factors influencing the environmental sustainability 
performance of construction projects in South Africa  
 
1.5 Rationale or Significance of the study 
The study provides the necessary information with regards to what environmental 
sustainability performance in construction connotes as well as the drivers and critical 
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barriers and success factors influencing ESP in the South African construction industry. 
Therefore, the significance of the research is to promote an understanding of the 
concept of ESP and how it affects construction projects. The findings from this research 
contribute towards a better understanding in Environmental management by 
construction professionals which might lead to the eradication of critical factors that 
influence construction projects in South Africa.  
The rationale of the study is to contribute to the body of knowledge about 
environmental sustainability performance in construction projects South Africa, using 
Free State province as a case study due to its large number of construction projects that 
are either currently undergoing or recently completed. 
 
1.6 Research Methodology and Design 
1.6.1 Research Methodology  
Research Methodology clarifies the techniques adopted in achieving the goal of this 
study and it is a systematic way to solve a problem  (Rajasekar, et al., 2013). 
Furthermore, research was conducted on the evaluation of factors influencing 
environmental sustainability performance on construction projects in South Africa. The 
geographical area where the study was conducted, the study design and population 
sample are also described. In addition, the instruments used in collecting the data, 
including methods implementation to maintain reliability and validity of the 
instruments are described in order to carry out the evaluation of the key areas involved 
in environmental sustainability performance on construction projects. 
1.6.2 Research approach and design  
The research design is the researcher’s overall plan for obtaining answers to the 
research problems or questions guiding the evaluation. The plan consists of the 
complete programme or structure of the works. This plan entails an outline of what the 
researcher will do from writing research aim, objectives and their operational 
implications to the final analysis of the data (Kerlinger, 1986). According to Mouton 
(2008), research design is a set of instructions and guidelines to be followed in 
addressing the research problem.  
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The current study adopted the quantitative research approach to evaluate factors that 
influence environmental sustainability performance in construction projects South 
Africa. Quantitative Research is used to quantify the problem by way of engendering 
numerical data or data that can be converted into usable statistics. It is used to quantify 
and generalize results from a larger sample population. Furthermore, it uses measurable 
data to formulate facts and uncover patterns in research. The basis for research is to 
plan and structure a research project in such a way that the eventual validity of the 
research findings is maximised through summarising (DeFranzo, 2011). The study will 
collect information through a well-structured questionnaire which was circulated to the 
respondents by the researcher. 
 
1.6.3 Sampling and data collection 
Since the study is about the environmental sustainability performance of construction 
projects in the South African construction industry, the respondents involved in the data 
gathering consisted of supervisors and management that are involved in the 
construction project delivery team. Random sampling was adopted because it gives all 
the participants an equal chance of being selected since the respondents has to be 
construction project professionals practicing within the Free State province of South 
Africa. Random sampling is generally adopted when the target population presents the 
same performance or qualifications, or the sampling size is very big to represent the 
entire population efficiently and each member of the entire population has an equal 
chance of being chosen as sampling respondent (Mukuka, 2014).  
 
A structured questionnaire was used as a mean of collecting data in this study. The 
researcher visited the relevant professionals’ workplaces to personally administer the 
questionnaire. A questionnaire is defined as a research instrument that entails a set of 
questions or other types of prompts that aims to collect information from an individual. 
The quantitative research usually entails close-ended questions where one is not offered 
the ability for the respondent to elaborate on their thoughts. Questionnaires were 
developed in 1838 by the Statistical Society of London. A questionnaire may or may 
not be delivered in the form of a survey, but a survey always consists of questionnaire 
(Bhat, 2019).  
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1.6.4 Limitation of the study 
The study was undertaken amongst construction professionals. The respondents 
comprised of architects, civil engineers, project managers, quantity surveyors, 
construction managers, construction project, and health and safety officers in the Free 
State province, South Africa. Therefore, the findings can only be generalized across 
South Africa if samples of all different provinces were participating to the study. 
However, this was not the case as the study was only confined to the Free State 
Province. Furthermore, the time frame as well as finances of the research of the study 
constitutes a barrier for collecting more data and thus it might have had an influence in 
the results generated in the study as efforts were not made to generalize the study to the 
population within the Free State. 
 
1.6.5 Ethical consideration  
Ethical issues were a crucial consideration in undertaking this research. The principle 
of voluntary participation was sustained. Therefore, this requires that people will not 
be pressured into participating in the research. Participants were only involved in the 
research where they had given informed consent. Effort was made to help protect the 
privacy of research participants by ensuring confidentiality. Confidentiality was further 
enhanced by keeping respondents anonymous throughout the study. The study was also 
subjected to independent reviews by the supervisors where necessary to help protect all 
participants and the researcher against potential legal implications of neglecting to 
address important ethical issues, and also to uphold honesty, integrity and quality 
assurance.  
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The figure below represents the procedure adopted throughout the study to respond to 
the research problem and objectives of the study 
 
Figure 1.1 Research procedure (Ranjit, 2011) 
 
1.7 Overview of chapters 
i. Chapter 1 Introduction 
This chapter presents specifically the problem that the researcher aimed to investigate 
and shows how the investigation of the problem was conducted. The introduction gives 
an overview of the problem and the research questions. This chapter, therefore, gives a 
framework of the whole study. 
 
ii. Chapter 2 Literature review 
This chapter reviews relevant literature on environmental sustainability performance in 
construction projects. To do so, the researcher emphasizes on what environmental 
sustainability performance entails. The chapter elaborates on environmental 
sustainability performance on construction projects as well as the Key Performance 
Indicators (KPI’s) that goes in relation with that. The drivers, critical barriers, success 
factors and shortcomings as it pertains to the implementation of environmental 
sustainability performance on construction projects in South Africa are discussed and 
finally, the researcher articulates the benefits associated with improved environmental 
sustainability performance. 
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iii. Chapter 3 Environmental sustainability performance in construction projects in 
the United Kingdom and China 
This chapter reviews literature on the topic by scholars and researchers in the United 
Kingdom and China. Furthermore, the chapter gives the reader an understanding of the 
environmental sustainability performance on a spectrum of a developed country. The 
factors and KPI’s are discussed based on researchers’ findings and it summarizes the 
approaches for measuring environmental sustainability performance. 
 
iv. Chapter 4 Environmental sustainability performance in construction projects in 
Ghana and Nigeria 
This chapter reviews literature on the topic by scholars and researchers in Ghana and 
Nigeria. Furthermore, the chapter gives the reader an understanding of the 
environmental sustainability performance on a spectrum of a developing country. The 
factors and KPI’s are discussed based on researchers’ findings and catalogues the 
approaches in measuring environmental sustainability performance on construction 
projects. 
 
v. Chapter 5 Environmental sustainability performance in construction projects: A 
South African review 
 
This chapter is reserved for literature on Environmental sustainability performance on 
construction project. The chapter also overviews the South African construction 
industry and its shortcomings. The chapter gives the reader an understanding of the 
environmental sustainability performance on a South African viewpoint. 
 
vi. Chapter 6 Research Methodology 
Under this chapter the researcher explains the methods used to conduct the research, 
and what the researcher will use to obtain participants and collect information from the 
participants. In this study, the researcher focused on a literature review and the 
questionnaire survey targeted at construction professionals in South Africa. 
Furthermore, statistical methods will be used to analyse the data collected from the 
questionnaire survey. 
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vii. Chapter 7 Data Analysis and Interpretation 
Once an appropriate design and suitable means of measuring relevant variables had 
been identified and adopted, the findings, using a suitable procedure after data from 
several respondents have been collected, will be analysed.  
 
viii. Chapter 8 Discussion of findings,  
In Chapter 8 the findings analysed in Chapter 7 was discussed and linked with relation 
to literature reviewed in order to establish where research objectives were achieved and 
that all the research questions were answered. 
 
ix. Chapter 9 Conclusions and recommendations 
This chapter further concludes and suggest recommendations on the findings in relation 
with the objectives of the study. 
 
1.8 Chapter Summary 
In this chapter, the several components of the study were introduced. Furthermore, the 
research problem, rationale, research questions and the structure of the study was discussed. 
The significance of the study was discussed including ethical consideration of the research 
project and finally the chapter layout was outlined and discussed. In the next chapter 
literature relating the evaluation of Environment performance on construction projects in 
the South African construction industry is presented. 
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2.0  Chapter 2 – Literature review 
Environmental sustainability performance of Construction Projects: A Literature 
review 
 
2.1 Introduction  
This chapter reviews an overview of environmental sustainability performance in 
construction projects. This chapter will give the reader general information related to 
the South African construction Industry. Furthermore, it elaborates on environmental 
sustainability performance on construction projects as well as the Key Performance 
Indicators (KPI’s) that goes in relation with that. The drivers, critical barriers, success 
factors and shortcomings are discussed on the implementation of environmental 
sustainability performance on construction projects in South Africa. 
 
2.2 Understanding the construction industry 
The construction industry accounts for over 50% of the fixed capital generation each 
year in most developed countries and contributes to the improvement of society even 
though it is not an environmental friendly activity in light (Shen, et al., 2002).Therefore, 
the construction industry is very important to the development of any country. The 
construction industry is used as a regulator of the economy; therefore, the government 
remains important to the construction industry (Weddikkara, 2003).  
 
The construction industry employs individuals as employees, managers and workers. 
This industry requires the specialised service of architects, project managers, surveyors, 
planners and other professionals to fulfil a project task. In this industry, a number of 
participants in the project team depend on the size of the construction project and the 
procurement process chosen for the specific project. The procurement of the 
professionals will depend on the need for a certain service on the project. There is 
confusion among construction professionals about the differences between disputes and 
conflict, and these terms have been used interchangeably especially in the construction 
industry (Acharya et al., 2006). However, conflict and dispute are two distinct 
notations. A conflict exists wherever there is incompatibility of interest. Conflict can 
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be managed, possibly to the extent of preventing a dispute resulting from the conflict. 
On the other hand, disputes are one of the main factors preventing the successfully 
completion of the construction project (Cole, 1999).  
There is concern about how to improve construction practices in order to minimize their 
detrimental effects on the natural environment (Holmes & Hudson, 2000). Performance 
of projects have always been a vital issue in the construction industry. Many studies on 
project success and factors affecting project success have been conducted in the past. 
An understanding of attributes of project managers and project success factors alone 
proved to be insufficient for project success. There is an absence of an understanding 
of the importance of the working environment and its influence on the success of a 
project. Working environment refers to the perception of the work environment and this 
can vary from project to project. Few studies have been done to specifically examine 
how the environment can affect the effectiveness of a construction project. 
 
2.3 Sustainability and Sustainable development- A definition of concepts 
Originally, the concept of sustainability was discovered in forestry. Kuhlman and 
Farrington (2010) defines it as harvesting that will never exceed forest yields. The 
Brundtland report mentions two apprehensions that should be reconciled: the 
environment and development. The two concerns can be interpreted as needs versus 
resources, or as the short versus the long term. There have been two major 
developments in the concept of sustainability: The first one is its interpretation of three 
harmonically dimensions namely social, economic and environmental and the second 
one is the distinction between ‘strong’ and ‘weak’ sustainability (Helming, et al., 2008). 
Sustainability can be defined as maintaining well-being over a long or continuous 
period. This covers largely the environmental dimension of the triple bottom line; 
however, the environment and sustainability cannot be characterised as the same 
concept (Kuhlman & Farrington, 2010). 
 
Brundtland came to the conclusion of sustainable development when she thought of 
ways of aspirations of the world’s nations for a better life be reconciled with limited 
natural resources and the dangers of environmental degradation (World Commission 
on Environment and Development, 1987). Generally, sustainability represents the 
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usage of natural resources in such an equilibrium condition that they do not reach 
deterioration, depletion and unrenewable point and handing down the next generations 
by developing them. Therefore, sustainability seems to be a concept branding to every 
field stretching from global development policy to the usage of energy sources and from 
production planning to architectural designing in this era (Hoskara, 2007). 
 
Sustainability can also be loosely defined as a state of affairs where an addition of 
natural and man-made resources remains persistent for the foreseeable future, in regard 
to the well-being of future generations not to decline (World Commission on 
Environment and Development, 1987). According to Akadiri et al. (2012), construction 
firms are increasingly faced with sustainable development- based requirements which 
are influencing many areas of their activities, ranging from proactive environmentally 
conscious design and construction, through to sustainable procurement, project 
efficiency and effectiveness and investment management. Recent years have seen an 
emerging body of literature that suggests that the operation of sustainable construction 
practices is influenced by environmentally sustainable development. 
 
Sustainable development is the process whereby the management of the different 
capital flows in the economy is grasped on a genuinely sustainable basis (Parkin & 
Sally, 2003). According to the scientific principles that support sustainability, it is worth 
noting that there are only two real sources of wealth, namely: flows from the services 
and resources provided by the earth, which is called natural capital, and flows from the 
hands, brains and spirits of individuals otherwise referred to as human capital. 
Everything else derives from these two primary sources (Parkin & Sally, 2003).  
 
2.4 The Nature of Construction and the Construction Industry 
The construction industry is very important for the development of any country. The 
pace of the economic growth of any nation can be measured in several ways by the 
development of physical infrastructures, such as roads, buildings and bridges. 
Construction project development involves numerous procedures and stages of work 
and a great deal of input from both the public and private sectors, with the major aim 
of successfully deliver a project (Takim & Akintoye, 2002).  
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The construction industry is not only important for its preview to viewers, but also 
because of the outputs of its activities. National socio-economic development is 
contributed by this industry by providing the buildings that are used in the production 
of all goods in the economy. Besides, the infrastructure, built through construction 
procedures, is the nation’s economic backbone as it forms the arteries for the facilitation 
of productive activity by allowing goods and services to be distributed within and 
outside the country. The quality of the design and construction of these facilities has an 
influence on the efficiency whereby productive activities and provision of services can 
be delivered. The ability of the nation to attract foreign investment can be affected by 
construction. This is vital for globalization in this new age as all nations are competing 
nations to attract foreign investment (Ofori, 2012). 
 
2.4.1 Construction Processes and Products 
The Construction industry is a project-oriented industry where every individual project 
is unique, although a similar set of process stages is involved in every project 
(Wegelius-Lehtonen, 2001). There is not one specific answer or solution for any 
construction activity. Neely and Adams (2001) elaborated the problem and observed 
that performance was multifaceted, and each method or framework addresses a unique 
dimension of performance. 
 
Construction is the process of constructing a building or infrastructure (Webster, 2016). 
Construction varies from the type of structure to be erected and the manufacturing 
typically involves mass production of similar items without a designated purchaser 
(Bolivar, et al., 2015). The Construction industry comprises six to nine percent of the 
gross domestic product of developed countries (Chitkara, 1998). The Construction 
process can differ from project to project. However, the fundamentals it starts with is 
planning, design, and financing and continues until the project is completed and ready 
to fulfil its purpose.  
 
Maximum reduction of time of the construction process is very crucial in the 
construction industry and issues with systematic implementation are very difficult to 
adhere to. Therefore, the viewpoint of construction is to achieve a maximum duration 
overlap in the design and construction activities (Maheswari, et al., 2006). A high 
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number of interdependent activities is achieved through overlapping of activities 
(Eppinger, 2001).   
 
2.4.2 Construction Industry Stakeholders 
Construction is a highly diverse industry. Therefore, the diversity imitates the degree 
of variation among stakeholders within the project scope (Hussein, 2012), which adds 
to the confusion and strain in the construction industry on what to asses. A project may 
seem successful to the client and yet, maybe a totally unsuccessful venture for 
contractors or end users (Ogunlana, 2008). Stakeholders -the quantity surveyors, the 
contractor, clients, architects, engineers, and the project managers- take a lot of 
responsibility in which the design, development, actual construction and the 
management of a project commences in such a way that minimizes negative impacts on 
the society and environment (Abidin, 2010). 
 
Stakeholders deal with the contributions of the strategic planning and development in 
the construction Industry. It is also important that the organization has complete control 
over all the multitudes of aspects in the construction industry. The industry’s 
performance in most respects, for example, in terms of cost, time, quality, health and 
safety of its workers, the durability of its productions and the satisfaction of its 
stakeholders, is inadequate. Similar concerns gave incentive to develop national 
programs to improve the capability and capacity of the construction industry (Ofori, 
2012). 
 
Government regulations that responds to construction stakeholders’ requirements is an 
important issue for managers and construction professionals (Akadiri & Fadiya, 2013). 
Leadership is the key factor of success in the momentum towards sustainability believes 
Ofori and Toor (2008). Arguments arise concerning the notion that the solution lies in 
leadership that is self-aware, direct the activities committed and the ability to earn the 
support of all stakeholders towards the pursuit of a common project related objectives 
or goals of sustainability (Akadiri & Fadiya, 2013).  
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2.5 The Construction Industry and Sustainability/Sustainable development- 
Understanding the Nexus 
Researchers believe that the 21st century has a great challenge known as sustainable 
development (Ortiz & Sonnemann, 2009). The indicators of sustainable development, 
social, economic and environmental, are drawing attention to the global emerging 
sector, the construction industry. The Construction industry is a highly active industry 
in both developing and developed country (Hussein, 2012), The European Commission 
indicated that 11.8 million operatives are employed directly in this particular sector and 
is known as Europe’s biggest industrial employment basis, accounting for 7% of total 
employment and 28% of industrial employment in the EU-15. Roughly 910 billion 
euros was invested in the construction industry in the year 2003, representing 10% of 
the Gross Domestic Product (GDP) and 51.2% of the Gross Fixed Capital Formation 
of the EU-15 (European Commission, 2006). By environmental contrast, this sector is 
responsible for high amounts of energy consumptions, global greenhouse gas 
emissions, waste generation, internal and external pollution, recourse depletion and 
environmental damage (Melchert, 2005; Zimmermann, et al., 2005). In order to 
overcome the excelling concern of today’s resource reduction and the environmental 
concerns around the global, Life Cycle Assessment can be implemented to the decision 
making to improve or enhance sustainability (Ortiz & Sonnemann, 2009). 
 
The ‘new policy agenda’ of sustainability emerged after the publication of the World 
Commission on Environment and Development’s (WCEDs) Report in the late nineteen 
hundred, but more fully after the 1992 Rio Earth Summit. This matter places great 
emphasis upon the need to guarantee a better quality of life for all, in a reasonable way, 
at the same time living within the barriers of supporting ecosystems according to the 
researcher’s interpretation. Sustainability cannot be simply an “environmental” or 
“green” concern. An accurately measurable sustainable society is one where wider 
questions of economic opportunity and social needs and welfare, are integrally related 
to environmental limits imposed by supporting ecosystems. It emphasizes upon greater 
equity as a desirable and social goal and it also is closely linked to a recognition that, 
unless society strives for a greater level of economic and social equity, both within and 
among nations. Therefore, the long-term objective of a more sustainable globe is 
unlikely to be secured. Sustainability implies, as a basis of this view, a more careful use 
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of scarce resources and, in all possibilities, a change to the high-consumption lifestyles 
experienced by the wealthy and hoped to by others. It will not be easy to achieve these 
changes in behavior, because this demands acting against short-term self-interest in 
courtesy of as yet unborn generations and ‘unseen others’ who may live on the other 
side of the world. The unselfish persons demanded it will be difficult to secure, and will 
probably be unmanageable if there is not some measure of perceived equality in terms 
of sharing common fates and futures (Agyeman, et al., 2010). 
 
2.5.1 Impact of the industry on the dimensions of sustainability/sustainable 
development 
Sustainability as a concept has been emerging in importance over the past two decades 
and forms a cornerstone of most developmental and socio-economic activities in the 
natural and built environments at this current stage. The current sustainable agenda 
takes its roots from the initiative put forward by the World Commission on 
Environment and Development (Edum-Fotwe & Price, 2009). 
 
Enormous pressure has been put on the construction industry with regards to 
sustainability and a quest from the general public and the government has been put out 
there to improve on its current unsustainable pattern op project delivery. Alkhadder, et 
al. (2012) states that construction firms are gradually faced with sustainable 
development, which are influencing many dimensions of their activities, ranging from 
proactive environmentally conscious design and construction, through to sustainable 
procurement, project effectiveness and efficiency and investment management.  
 
Sustainable construction conceptualizes three broad dimensions namely environmental 
protection, economic growth and social equity as a reflection of those issues in relation 
to sustainable development (Opoku & Fortune, 2011). Environmental sustainability 
includes improved project delivery resulting in a greater productivity to maintain a high 
and stable level of economic growth. It also deals with operation or conservation, 
design, construction and deconstruction approaches that diminishes the adverse impacts 
on the environment such as waste discharge, use of water resources, land use, air 
emissions, and many others (Parkin & Sally, 2003). Social sustainability, however, 
deals with moral, legal and ethical obligation of construction organizations to their 
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stakeholders, and it addresses concerns revolving around the improvement of people‘s 
quality of life. The economic dimension addresses the issues of the economy such as 
employment creation, competitiveness enhancement, lower maintenance /operating 
cost, high quality of working environment leading to higher productivity and many 
others (Opoku & Fortune, 2011). 
 
 
 
Figure 2.1 Underlying concept of sustainable development in SUE-MoT 
(Sustainable Urban Environment - Metrics Models and Toolkits) 
(Edum-Fotwe & Price, 2009)  
 
Interferences or interventions are created by construction projects in the order of 
sustainability within the urban social domain. The creation of new realities making up 
the sustainability of their communities and vice versa is a result of interventions that 
induces actions by social actors. The challenge of evaluating the contribution of cities 
and buildings to sustainable development in a way that is practical, comprehensive, and 
accurate, logically sound, and acceptable to a broad range of stakeholders with differing 
priorities and views has been recognised. Problems of unsustainable resource use, waste 
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production, pollution, poor environmental quality, crime, and other socially unwanted 
features are linked with urban environment. These associations imitate elements of 
sustainability that are in a position of flux and contains many issues, scales, feedbacks, 
collaborations, interrelations and often, unidentified consequences. The sustainability 
of urban environments is a symbol of complex interactions of a variety of factors. An 
important amount of the complexity is contributed to by a shortage of adequacy in the 
description of the variety of factors, therefore, more specifically the social-related 
factors that influence urban sustainability. The essentiality for a more systematic 
approach that improves factors and their links between dimensions that add up to 
sustainability over all stages in urban development, needs to be prefixed by a suitable 
definition of the factors that determine such sustainability (Edum-Fotwe & Price, 
2009). 
 
2.6 Environmental sustainability performance of Construction Projects: A review 
of the state-of-the-art 
2.6.1 What is Environmental sustainability performance?  
Environmental sustainability performance is defined as the result of an organizations 
management of its environmental aspects (ISO, 1999), In order to achieve this, 
companies should implement better technology for processes and should be able to 
redesign products. ESP addresses accompanies influences on living and non-living 
natural systems, such as the ecosystem, air, land and water. Key elements for ESP is 
energy consumption, pollutant release, material use, and non-product output (Sezen & 
Çankaya, 2013). Eco-innovation has become very important as a strategic tool to obtain 
sustainable developments in manufacturing industries, due to the increasing 
environmental pressure. In the past, investing in environmental activities was 
considered unnecessary. However, popular environmentalist and strict environmental 
regulations have changed the competitive rules and patterns for companies.  
 
With the growing concern of eco-innovation since the late 1990s, researchers have 
addressed ESP from different perspectives. First are those studies that identify factors 
and drivers of ESP and the performance outcomes arising from environmental 
sustainability, with Dangelico and Pujari (2010) being the more recent example of this 
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category. Secondly, Hermosilla and Delrio (2010) identify the dimensions of ESP. 
Third group of studies is related with the measurement of ESP (Cheng & Shiu, 2012). 
Jones (2006) states that management of environmental sustainability performance will 
benefit companies in a way that it will provide data to help employers and employees 
in assessing the cost savings and proper workflow systems within the firm.  
 
According to Jones (2006), good environmental sustainability performance makes good 
business sense. Environmental uncertainties and risks impact to some extent on all 
companies and affect investment decisions, consumer behaviour and Government 
policy. Management of energy, natural resources or waste will influence current 
performance; failure to plan for a future in which environmental factors are likely to be 
increasingly significant may risk the long-term future of a business. Companies that 
manage, measure and communicate their environmental sustainability performance are 
generally in a good space. 
 
Environmental issues are prime social concerns. There are firms in polluting industries 
that encounters strict governmental regulations, strong environment activism and 
increased media attention. Firms respond to these external burdens by implementing 
and evolving strategies that can assist or promote good ESP and similarly decrease 
negative environmental impact (Hoffmsan, 2000). It is already recognised that firms 
reward their executives for environmental actions that confer greater legitimacy and 
may improve firm performance directly or indirectly (Coombs & Gilley, 2005).   
 
According to Berrone and Gomez-Mejia (2009), environmental sustainability 
performance is incorporated as a criterion in incentive schemes for chief executives. 
The framework also suggests that companies reward pollution prevention strategies 
more comprehensively than “end-of-pipe” pollution control strategies, as the former 
approach confers greater legitimacy within polluting industries than the latter.  
 
2.6.2 Environmental sustainability performance in construction 
The built environment carries a major substantial share of environmental impact of our 
society, along with industrial and transportation processes according to Ahn et.al. 
(2010). It accounts for roughly 40% of total energy use. When economies grow, more 
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infrastructure, facilities are needed to sustain economic development. Thus, more 
pressure is placed on natural resources, which could affect the environment severely 
and all living organisms (Majdalani, et al., 2006). The main challenge in the 
construction industry is to condense the impacts of its activities on the environment and 
local communities. In order to have a more sustainable and comprehensive construction 
industry, contracting parties must take control of such transformation (Bennett & 
Crudgington, 2003).  
 
During construction operations and deconstruction, a large amount of energy, water and 
raw materials is being consumed by construction projects (Loftness, 2004). The 
housing sector is a mega section in the construction industry due to the housing demand. 
Approximately 20 percent of the energy consumed, and carbon dioxide emitted in the 
United States originates from homes (Scheuer, 2007). According to Kaatz, et al (2005), 
the opposing environmental effects of construction activities have been extensively 
addressed and that includes the following; energy consumption, misuse of water, noise 
pollution, waste generation, dust and gas emission, water discharge, resources, land 
misuse and pollution, and consumption of non-renewable natural resources. 
 
 
 
Figure 2.2 The Nature of Environmental impact (Glasson, et al., 1999) 
 
 Hensen and Lamberts (2011) states that technology as a concept has raised the bar over 
the past decades. It released enormous vision of environmental stability and contains 
something of a mixed blessing. It has increased our liberty to communicate and 
distribute. On the other hand, it is widely understood that the energy usage is currently 
 21 
required to drive the modern way of living and it led to critical environmental problems. 
It serves as a key factor of environmental impacts.  
 
2.6.3 Environmental sustainability performance in construction 
Relying on the design of a project to achieve the goal of sustainable development, or to 
minimise environmental impacts through appropriate management on site, is not 
sufficient to handle the current problem. Sustainability assessment goes even further 
than at the design stage of a project to consider its importance at an early stage, before 
any detailed design or even before a commitment is made to go ahead with a 
development environmental factors need to be taken into consideration. (Hensen & 
Lamberts, 2011). Enshassi, et al., (2016) state that sustainable performance in 
construction is about creating infrastructure and construction methods that are 
environmentally friendly. It is about minimising waste, pollution, noise and traffic and 
providing a safer working environment for all involved in construction maintenance, 
use and eventual removal of buildings or structures. 
 
2.6.4 Factors influencing Environmental sustainability performance of 
Construction Projects 
Construction performance is not as successful as many people think; it might arise 
due to poor reflection on the delivery and it is linked to cost overruns, time delay and 
quality defects. Most teams in construction projects link different participants from a 
variety of organizations which are gathering for a temporary and short-term 
arrangement (Takim & Akintoye, 2002). According to Bresnen and Marshal (2000), 
projects performance and its KPIs such as cost, time and quality might be 
sensationally improved if the involved parties take more collaboration methods of 
working together and becoming more conglomerate. 
Furthermore, cooperation and teamwork would provide a model for ensemble 
learning amongst a project team structure that would develop a conducive workflow 
structure by working as a whole. Although enthusiasm to communicate sincerely 
occurs after quite a long time believes (Gala and Luo 2004). The need to reduce the 
negative impacts of construction activities are increasing pressure on construction 
organisations to adopt proactive environmentally sustainable strategies and actions in 
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the design and construction process (Akadiri & Olomolaiye, 2012). Below are 
different factors that affects the environment though construction activities. 
i. Design related factors 
Specifying materials with low environmental impact, poor design quality, designing to 
obtain minimum waste, design errors, inexperienced designer, providing flexible and 
green designs, wrong design compilations, frequent design changes. 
 
ii. Legislation/Policy related factors 
Promotion of eco-friendly materials, adherence to labour intensive construction 
policies, implementing local material protection policy, improving administrative 
effectiveness, implementing strategies to enhance the continuity of sustainable 
affordable projects, increasing client awareness, ensuring sustainable employment 
opportunities, establishment of education and training in sustainable practices. 
iii. Construction related factors 
Encouraging the use of re-usable building materials, changing renewable energy 
sources, encouraging the use of recyclable materials, encouraging energy use through 
use of natural light, frequent changes of sub-contractors, storing and collecting 
recyclables, maintaining of existing walls, increasing costs associated with disposal, 
reducing of water usage, encouraging construction waste management, usage of 
products with high recycled content, usage of water efficiently during construction. 
 
2.6.4.1 Drivers 
Abidin and Pasquire (2005) stated that clients are the key drivers towards sustainable 
construction but whether they have brief knowledge about the industry remains the 
question. Value management can deliver good accountability, economic return, and 
excellence in social and environmental sustainability performance, with the likes of 
lean construction, and so in this way support sustainability states (Pitt, et al., 2009).  
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In addition, Ofori and Toor (2008) states that leadership is the key factor of success in 
the drive towards environmental sustainability performance. The solution lies in the 
leadership that is self-aware, dedicated and able to direct the activities and earn the 
support, of all stakeholders towards the pursuit of a sustainable common project related 
goal. The following factors impede the pace of ESP development: 
 
 Low profitability and quality;  
 Low technical base;  
 Limited ability of local contractors and consultants due to lack of experience 
and resources; 
 Poor working conditions, including occupational hazards and security on 
construction site; 
 Inefficient and complicated structures, financial mismanagement and 
corruption; 
 Lack of supportive institutional mechanisms such as equipment rentals; 
 
Those issues have increased as a result of industrialization and technological 
advancement that has recently been accomplished (Gulgan, et al. 2008). In the past, 
environmental focus in construction was more towards structural design, material 
selection, and recycling of materials rather than on o-zone depleting emissions. It 
includes physical, cultural, social, biological and economic factors which constitutes 
the environment of humanity, the creators and the moulders of the environment (Kim, 
et al., 2012). 
 
2.6.4.2 Barriers to environmental management systems 
According to Owolana and Booth (2015) there are list of barriers to implementing EMS 
in the construction industry was presented to the respondents as follows: 
 Lack of supplier co-operation 
 Lack of legal enforcement from government 
 Increase in operation and management costs 
 Lack of trained staff  
 Increase in documentation workload 
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 Lack of tailor-made training on environmental management 
 Lack of client support 
 Lack of sub-contractor cooperation 
 Difficult co-ordination of environmental performance among multi-tier 
subcontractors 
 Lack of working staff support 
 Time-consuming for improving environmental performance 
 Change of existing practice of company policy and structure 
 Lack of technological 
 
2.6.4.3 Success factors 
Quinn and Baltes (2007) believes that organizations are expected to fundamentally 
change the way they operate from focusing on the short-term maximisation of 
shareholders’ value to shifting attention to the social, economic and environmental 
effects of their operational procedures. The construction industry is therefore one of the 
sectors that are important and is expected to lead the drive owing to the negative impacts 
construction activities can engender. Any effective change process requires committed 
leadership believes Opoku and Fortune (2011). The management the organisation 
system, have a significant role to play in the construction industry as the industry 
undertakes its vital role in the efforts in attaining sustainable development (Ofori & 
Toor, 2008). The ability of organisations, irrespective of their level of developing, to 
chase the sustainable agenda is influenced by the principle and commitment of their 
management approach towards sustainability reasons.  
 
Enshassi, et al (2016) found the following success factors based on the environmental 
and sustainable performance in the construction industry. 
 
 
Table 2.1: Environmental sustainability performance factors  
 
Recyclable/renewable contents  
 
Renewable materials such as bamboo, 
cork, fast-growing poplar, and wheat 
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straw cabinetry, which are reproducible, 
were used 
Reusable/recyclable element  
 
Building components, rubble, earth, 
concrete, steel and timber were reused.  
 
Workers' health and safety  
 
Site hygiene and the provision of health 
care and safety were emphasized.  
 
Legislation Environmental protection law and 
regulations on construction activities 
was taken in consideration  
 
 
Noise pollution  
 
Environmental protection law and 
regulations on construction activities 
was taken in consideration  
 
 
 
Environment-friendly demolition 
method  
 
Adoption of technologies to alleviate the 
disturbance on eco-environment systems 
and neighborhood, and to maximize 
waste reusing and recycling  
 
Special waste treatment Special treatment given to toxic 
materials, heavy metals, radioactive 
chemicals released from demolition.  
 
Waste recycling and reuse Recycling and reclaiming of useful 
materials such as steel, brick, glass, 
timber, and some equipment. 
 
Source: (Enshassi, et al., 2016) 
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2.6.4.4 Challenges 
The construction industry faces several challenges world-wide. However, those 
confronting developing countries are by a big margin more complex. They are 
associated by socio-economic pressure and the extended duration of resource 
deficiencies. Salleh (2009) believes the conditions of vulnerability and risk continue to 
confront the construction industry. 
According to Djokoto, et al. (2014) the involvement of a large number of individuals 
ranging from clients to the builder is a key characteristic of the construction industry, 
thus a prominent way of operation or tactic will be essential to the implementation of 
Environmental sustainability performance in construction. The wrongful manner of 
operation may rather supress sustainable construction whilst on the other hand, 
operational measures can promote it (Djokoto, et al., 2014). The construction industry 
counters huge challenges of sustainable construction in the environmental dimension 
(Hamid & Kamar, 2012). Transformation in resistance is viewed as involving change 
in individual standards, whether at a corporate, personal, or collective level. Although 
the morals are generally at the correct place, the problem is how to decree those (Hamid 
& Kamar, 2012). 
Table 2.2 Challenges to the Incorporation of Environmental Sustainability Issues 
into Procurement Management  
 
Internal Challenges External Challenges 
Cost concern,  Lack of regulation 
 
Unclear regulations 
Lack of understanding of how to 
incorporate environmental issues 
into buying,  Lack of knowledge in the industry 
Conflict with company’s objective, Loss 
of competitive edge,  
Lack of government support 
 
Reluctance to change from traditional 
practices 
Inhibits innovation 
 
Resistance of employees Poor supplier commitment 
Unwilling to exchange information 
Lack of understanding concept of how 
to 
incorporate green into buying 
 
Different sectors have different 
challenges 
Industry specific barriers 
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Focus on cost reductions at expense of 
green practices, lack of buyer 
awareness, lack of management 
commitment 
 
Lack of training 
Lack of training and commitment 
Costs hinder greening in forest industry 
Accounting methods limit green 
reporting 
Costs especially for SMEs 
Pressure for lower expenses 
Shortage of employees 
 
Source: (Walker, et al., 2008) 
Project participants blame one another for various reasons. Service providers namely 
the consultants and contractors said that clients never request for sustainability. The 
design team believes in the old way of doing things and is hesitant to make the first 
move to new zone (Hamid & Kamar, 2012). On the other hand, clients expect the 
service providers to take lead in maturing or improving their services. Therefore, clients 
are afraid that the construction building will end up maximizing the costing and 
timeframe of the project. Environmental sustainability performance issues at a later 
stage, than the design stage causes changes in plan or design, which can enable more 
cost expenditure than savings (Vantage, 2002).  
According to Ofori (2012), the construction industry faced challenges in providing 
guidance for good environmental practice in construction. Proper guidance needs to be 
put in place to resolve this difficulty. Transformation in resistance is viewed as 
involving change in individual standards, whether at a corporate, personal, or collective 
level. Although the morals are generally at the correct place, the problem is how to 
decree those (Hamid & Kamar, 2012). 
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2.7 Key Performance Indicators for assessing Environmental Sustainability 
Performance of Construction Projects  
Benchmarking and performance measurement have played an important role in other 
sectors firms, providing necessary information for planning and control of management 
processes. Monitoring and control of the objectives and strategic goals is also allowed 
and the performance of companies in comparison to its competitors (Pinheiro, 2011). 
The achievement of performance measurement and benchmarking, through Key 
Performance Indicators (KPIs), can represent extensive help for professionals in the 
Construction Industry (CI) giving them the ability to provide products and services with 
the best relation quality/benefit. Its customers will recognize this, and simultaneously 
allowing for a more efficient monitoring of construction projects, contract management 
and performance evaluation of the bodies involved. (Pinheiro, 2011). 
 
The purpose of the Key Performance Indicators (KPIs) is to enable measurement of 
project and organisational performance throughout the construction industry (KPI 
Working Group, 2000). The term benchmarking was introduced into the language of 
business by the company Xerox, which defined it as "the continuous process of 
measuring and comparing our products, services and practices with the strongest 
competitors or those companies recognized as industry leaders" (AEP, 2006). Usually, 
the most successful competitors are used as a benchmark, even though firms from other 
sectors of activity may also be used. Therefore, the aim of benchmarking is to 
encourage and facilitate organizational change and performance improvement through 
learning from others (Pinheiro, 2011). 
 
Outdated project performance measurement can be measured by three main factors, 
which are cost, time and project quality. Previous researchers reasoned that the measure 
of project success can no longer be regulated to the traditional indicators. Therefore, 
the evaluation of other performance indicators is further explored by researchers (Low 
& Chaung, 2006). They advocate the expansion of success measurement towards either 
product success or project management success or both. It is mentioned in other 
research that KPI is useful tool to investigate and manage change in construction 
projects (Low & Chaung, 2006). 
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These KPIs are now globally used within the construction industry to drive 
improvement and measure performance (Swan & Kyng, 2005). Performance 
measurement is the process of quantifying the effectiveness and efficiency of actions. 
For a performance measurement system to be regarded as a useful management process, 
it should act as an instrument that enables assessment to be made, provides useful 
information and detects problems, allowing judgment against certain predetermined 
criteria to be performed. KPIs are one of the factors that establish the project success 
criteria. Swan and Kyng (2005) view KPIs as the measure of a process that is crucial to 
the success of a construction project.  
 
The achievements of KPI targets are reviewed at regular intervals. According to Takim 
and Akintoye (2002), the UK working groups on KPIs have identified 10 parameters 
for benchmarking projects in order for the achievement of good performance in 
response to Egan’s report. These parameters are also listed in the “Rethinking 
Construction” in the 5-6-10 model as main KPIs and they are as follows;  
 
i. Construction Cost; 
ii. Construction Time; 
iii. Profitability; 
iv. Defects; 
v. Client Satisfaction (Service); 
vi. Predictability Cost; 
vii. Predictability Time Client Satisfaction (Product); 
viii. Defects; 
ix. Productivity; 
x. Safety.  
 
Most of these indicators, such as construction cost, construction time, client satisfaction 
with the product and service, defects, productivity and profitability, promote result-
orientated thinking, whereas predictability of design cost and time, and predictability 
of construction cost and time, and safety can be regarded as process-orientated thinking 
(Takim and Akintoye 2002).  
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There are also secondary KPIs, which are classified into the following categories;  
 
a) Operational indicators: which focuses on specific aspects of a firm’s activities and 
enable management to identify areas for improvement; and  
b) Diagnostic indicators: which provide information on why certain changes may have 
occurred in the operational or main indicators and are useful in analysing areas for 
improvement in more detail. These secondary indicators therefore play a vital role in 
improving both organisation and project overall performance. 
 
2.8 Approaches for managing and reporting environmental sustainability 
performance of construction projects  
One of the recent and most widely used and recognised standards for environmental 
management is the ISO 14001. This is a specification document that forms part of the 
ISO 14000 series designed for the purposes of auditing and specifying by the 
International Organisation for Standardisation (ISO). Christini, et al., (2004) compared 
ISO 14001 to an integrated management system that rationalizes the data collection, 
policies, documentation, auditing of quality, environmental, and health and safety 
management systems. In essence, ISO 14001 provides guidelines that can develop the 
management portfolio of any type of organization in any country and not just their 
environmental sustainability performance (Morrow & Rondinelli, 2002). 
 
An Environmental Management System (EMS) is a tool that helps organisations to 
manage and improve their level of impact on the environment positively (Oke, 2004). 
An EMS helps a company in providing the framework for the integration of sustainable 
development goals within the organisation’s corporate plan and measures its 
environmental sustainability performance (Jolevski, 2013).Typically, an EMS is made 
up of goals, policies, plans, regulatory requirements and is usually reflected in the 
company’s annual reports. (Christini, et al., 2004) gives the following entry level 
characteristics for an organisation’s EMS: (i) methods, goals and a timeline for 
achieving environmental criteria; (ii) procedures for maintaining a paper trail in line 
with those goals; (iii) allocated resources as well as a defined structure and a matrix of 
responsibilities; (iv) an emergency procedures and corrective actions; (v) an employee 
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training plan; and (vi) a plan for monitoring and regulating auditing of the 
organisation’s performance in achieving the EMS goals. 
 
This includes industrial customers, end-consumers, suppliers and financial institutions 
(Henriques & Sadorsky, 1999). Several strategies have been adopted by manufacturing 
managers to address the impact of their products and operations on the natural 
environment. Strategies are put in place which takes the form of an environmental 
management system (Melnyk, et al., 2003). 
 
2.8.1 The Building Research Establishment Environmental Assessment Method 
(BREEAM): description of process, advantages and disadvantages  
Building occupants and designers have long been concerned about building 
performance (Finnveden & Moberg, 2005). Significant work has gone into developing 
systems to assess environmental sustainability performance in building construction 
over its life cycle. Development was enabled to evaluate how successful any 
development is with regards to balancing ecology, energy, and the environment, taking 
into account both technological and social aspects of projects in construction 
(Clements-Croome, 2004).  
 
Separate, benchmarks or indicators based on a single criterion, have been developed to 
observe specific aspects of environmental building performance. However, these 
benchmarks are put in place to encourage the need for a comprehensive assessment tool 
to provide a thorough evaluation of building performance against a broad spectrum of 
environmental criteria. In 1990, The Building Research Establishment Environmental 
Assessment Method (BREEAM) was the first of such comprehensive building 
environmental sustainability performance assessment method to be implemented and 
used. It remains the most widely used (Ding, 2007).  
 
The system was developed in the 1990s by the Building Research Establishment in 
collaboration with private developers in the UK and launched as a credit award system 
for new office buildings. A certificate of the assessment result is awarded to the 
individual building based on a particular rating scheme of fair, good, very good or 
excellent. The purpose of this system is to enable a list of environmental criteria in 
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contradiction of which environmental sustainability performances on buildings are 
checked and evaluated. This evaluation can be carried out as early as at the initial stages 
of a project. The outcomes of the investigation can be fed into the design development 
stage of buildings and changes can be made accordingly to satisfy pre-designed criteria 
with conjunction of the Project Lifecycle (PL). Since 1990, the BREEAM system has 
been extended and updated to include assessment of various building structures and 
designs. Ding (2007) also mentions that the system is successfully alerting building 
owners and professionals to the essence of environmental issues in construction.  
 
2.8.2 Building Environmental Assessment (BEA): description of process, 
advantages and disadvantages  
The primary role of the BEA is to deliver a comprehensive assessment of the 
environmental characteristics of a building using a demonstrable and common set of 
targets and criteria for building owners and designers to achieve higher environmental 
standards. The BEA offers a way of structuring environmental information, an objective 
assessment of building performance, and a way to measure progress towards 
sustainability (Ding, 2008). 
 
Building Environment Assessment (BEA) has a structure similar to sustainability 
indicators and it is described below. BEA covers a variety of factors from energy, land 
use and water, to design and safety, and summarizes their impact as an aggregate 
indicator by evaluating each factor. BEA aims to comprehend this wide coverage for 
better action and design that are environmentally friendly by encouraging a wide 
spectrum of stakeholders and encouraging communication among them. These 
characteristics is shared by BEA with other sustainability indicators, and researchers 
might regard BEA as one of these sustainability indicators. Therefore, by investigating 
the limitations and advantages of BEA, researchers can derive useful implications and 
discourses in the context of all sustainability indicators.  
 
Increased public awareness of environmental issues are motivated by the development 
of BEA tools, highlighting the need for both owner and building constructors to 
estimate environmental impacts. The attention of building professionals are captured 
by the environmental impacts of construction projects across the world and are now a 
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main concern in the building industry. On a global level Buildings account for 30% of 
greenhouse gas (GHG) emissions and are responsible for more than 40% of energy use 
in countries (UNEP SBCI, 2009). External factors such as water supply issues, 
globalization, oil depletion, and a broad agenda like sustainability and resilience, which 
include man-made and natural hazards such as climate change, windstorms, terror 
threats and flooding, also affect the environmental sustainability performance of a 
building. All these aspects are influenced by and have an influence on the 
environmental aspects of buildings. Furthermore, once buildings are constructed, the 
rate of building replacement is low, and they remain in use for several decades. 
 
Construction process is an important component when we consider sustainability, and 
BEA is expected to offer guidelines and procedures to counter non-sustainability 
encouragers, not only for current occupants but also for present and future generations. 
BEA has been introduced and developed to incorporate the complex issues into a single 
criterion with a simplified and diversified ranking system to evaluate the environmental 
impact in construction projects. A number of attempts have been made to reduce the 
environmental impact of construction, e.g., green buildings, eco-labelling of building 
materials, designing for recycling and environmental management (Cole, 1998). 
Although major changes to address sustainability are occurring and building regulations 
have changed to terror threats respond to new standards such as zero-emission buildings 
or carbon neutral. Therefore, existing buildings suffer from a lack of innovation. To 
create more sustainable, resilient and energy-efficient buildings, replacement rates must 
be more rapid, and the lack of inadequate skills, innovation, and the lack of skilled 
operatives and professional staff to serve the industry’s needs must also be brought to 
light. A conversion and transformation for sustainability is needed that requires 
extensive change, both top-down and bottom-up (Glass, et al., 2008). 
 
 
Table 2.3: Advantages and Disadvantages of BEA 
 
 Design guideline  Comprehensiveness Communication Signaling 
Advantages Each categories 
list can be used 
as design options 
 
Guideline 
designs that 
encourage 
Hub encouraging 
integration of 
diverse knowledge 
Market 
transformation 
tools to enhance 
dialogue among a 
variety of 
stakeholders 
wider than a 
design team 
Increasing 
owner’s 
satisfaction 
 
Signaling of 
environment-
friendly 
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better design and 
action 
 
 
actions and 
design 
Disadvantages Greater score 
without financial 
Constraints 
 
Deficiency of 
financial aspects 
(high score does 
not lead to high 
value and 
financial return) 
Uncertainty in 
Weighting 
 
Mixture of 
qualitative and 
quantitative 
measures 
Communication 
between 
academia and the 
construction 
industry 
is not sufficient 
 
Tools do not 
reflect the 
updating 
information 
Does it 
compensate the 
Assessment 
cost? 
 
Owners utility is 
not clear 
 
Source: (Kajikawa, et al., 2011) 
 
2.8.3 Waste generation assessment Approach 3: description of process, advantages 
and disadvantages etc 
 
Different household and economic activities generate solid waste. The construction 
industry has always been known as major waste producing industry. This is clearly 
reflected in environmental and statistical reports in several countries (Al-Hajj & 
Hamani, 2011).  
 
Waste measurement has been implemented and viewed in different manners. The 
measurement of waste in terms of embodied energy of materials is suggested by 
Treloar, et al. (2003). There were 3 case studies found by Bossink and Brouwers (1996) 
where waste of each type of material was measured in different ways. The first one as 
a percentage of the total amount of construction waste. The second one as a percentage 
of purchased materials and the third as a percentage of the total waste's cost. All these 
methods are illustrative of the level of waste generated and they can be used 
simultaneously. Yet, for the percentages to be calculated, the identification of 
volume/weight and waste streams of waste generated for each one is required. The fact 
that measuring and recording waste is a criterion to its management (WRAP, 2007b), 
knowing waste generation figures can be used as a benchmarking tool against other 
companies, other projects or against good practice. The next step is then to explore the 
relation or gap between good practice and what is achieved. Reducing the gap can be 
gathered by looking at the sources of waste and analysing the causes behind its 
generation. Waste management, minimisation, prevention and management are 
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sometimes interchangeably used. The first priority was waste prevention, the second 
was waste re-use whereas the third priority is waste recycle (Al-Hajj & Hamani, 2011). 
 
 
i. Advantages: 
 According to Al-Hajj and Hamani (2011), material waste minimisation is not found as 
a mean to achieve sustainable construction and to save natural resources but as a 
financial solution to increase profit. Therefore, there is a broad scope for changing the 
attitude of construction companies towards the problem of material waste in the 
construction industry. However, there was other waste minimisation benefits picked up 
other than cost saving, namely, Environmental protection, Health and safety 
improvement and enhancing the corporate image of the construction company 
undergoing the project. 
ii. Disadvantages: 
Al-Hajj and Hamani (2011) found that poor design leads to excessive off-cuts in 
material. Poor quality of products and lack of awareness encourages an increase in 
waste. Variations as well as temporary works has causes waste to evolve as it is an 
activity that encourages more construction work to take place which intervenes with 
the operational system and fast track method of construction leading to design errors 
and rework. Construction companies do not implement formal waste management plans 
on site although the awareness that waste minimisation is part of an organisational 
systems cost control and of their value management activity. The environmental 
benefits are overlooked, neglected and considered as less important by contractors. 
 
2.9 Measures in regulating construction activities on construction projects 
According to Aiyetan, et al. (2001), the measures and regulations can only be done 
when the client and agent work together for a performance of an efficient construction 
final deliverance. Any aspect of the work being performed will require a certain level 
of knowledge that will deliver an efficient final product. Experienced and trained 
employees are applicable for the specified work or tasks. Being familiar with the act 
and with applicable regulations under the acts, effective operations will commence. 
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Reasonable practicability measures listed below are some of the measures the principal 
agent and client should take to ensure adherence to Environmental impact prevention 
measures before or during project life cycle. The following are measures to regulate 
construction activities on construction projects:  
 
 Appointment of high experienced committed design team  
 Implementing government regulations/mandatory standards  
 Appointment of experienced contractors    
 Usage of better information on costs of eco- friendly materials  
 Appointment of highly experienced technical consultants      
 Change in negative perception of developers    
 Use of up to date technology    
 Adequate planning    
 Training/educating construction professionals sustainable   on design  
 Training/educating of construction professionals on  construction processes   
 Decrease variation orders    
 Improved interest from project team members    
 Allocation of adequate project duration  
 Completed design at time of project commencement  
 Use of appropriate construction methods  
 Good workmanship  
 Proper pre-contract planning 
 
2.10 Chapter Summary 
Based on the above review, it is clear that several researchers have all mentioned that 
environmental factors played an important role in determining the success of a project. 
This study would examine in greater details, the role of environment factors in affecting 
project success which is deemed just as important as the human factors. The following 
chapter will review the construction industries of two countries outside the continent of 
Africa, The problems they face as well as the lessons that can be learnt from these 
countries. 
 
 37 
 
 
Chapter 3 
3.0 Environmental sustainability performance of Construction Projects: Global 
Perspectives  
3.1 Introduction  
This chapter reviews literature on Environmental sustainability performance from two 
international countries, namely the United Kingdom (UK) construction industry and 
China. This chapter conveys the knowledge, information, and ideas that have prior been 
investigated and established by researchers of environmental sustainability 
performance in construction projects (CP). 
 
3.2 Background of construction in the United Kingdom 
The construction industry is a critical and large sector within the UK economy, having 
a significant impact on the environment (Akadiri & Fadiya, 2013). The industry 
employs around 3,1 million people in a multitude of roles, representing 10,5% of the 
UK employment and contributes up to 8% of the gross domestic product (GDP) (Office 
for National Statistics, 2012). According to Worrall et al. (2010), in the 1980s the 
industry was changed with the opening up of weakening levels of direct governmental 
involvement and unrestricted markets. This resulted to a greater fragmentation of the 
industry, with contractors’ gradually subcontracting work. This, in turn facilitated a 
working environment that was aggressively led by price and risk factors and more 
competitively driven (Worrall et al., 2010). In the United Kingdom (UK) it was found 
that in the late nineties around 70 million tons of Construction & Demolition (CD) soil 
and materials ended up as waste and that the wastage rate in the UK construction 
industry was as high as 10-15% (McGrath & Anderson, 2000). 
 
Construction in the United Kingdom experienced a significant growth during the 
eighteenth century when the revolution took over, which led to a new scale of industrial 
developments. It accelerated the growth of the century and resulted in the erection of 
new structures such as bridges, scaffolds, railroads and buildings. According to Akadiri 
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and Fadiya (2013), a wide number of adverse impacts can occur from construction 
activities. The industry is liable for 50% of the UK carbon emissions, 50% of water 
consumption, 35% of landfill waste and 13% of all raw materials consumed in the UK 
(DEFRA, 2008). Ding (2008) described the construction industry as a profit and 
uncaring motivated industry, and its partakers as destroyers and demolishers of the 
environment rather than its protectors. According to Akadiri and Fadiya (2013), these 
facts expose a noteworthy opportunity to explore one of the most controversial issues 
in construction, sustainable development, in the outline of one of the most important 
sectors, namely the UK construction industry. 
 
3.2.1 Environmental sustainability performance of Construction Projects in the 
United Kingdom 
Construction processes brings environmental responsibility, social awareness, and 
economic profitability objectives to the fore in built environment-related projects 
(Ding, 2008). The economic aspect of environmental sustainability performance 
focuses on the importance of stable economic growth. It means working within the 
capacity of the natural environment, adopting measures from fair and rewarding 
employment through to competitiveness and trade.  
  
Engendering the incorporation of environmentally friendly construction practices 
during project delivery phases within the remit of publicly funded construction projects 
in particular is receiving attention in the United Kingdom. In order to monitor progress 
towards the general adoption of sustainable development practices, the UK government 
decided to give housing projects special emphasis. This led to the housing agencies in 
the UK adopting sustainability as a criterion for government funding (Essa & Fortune, 
2008). There remains a general lack of understanding environmental sustainability as a 
concept, and there remains a long for a structured approach to integrating policy and 
practice on the ground through the procurement system (Carter & Fortune, 2006). 
  
The theory of sustainable procurement practice identified the following issues as being 
key matters that needed to be agreed by the project stakeholders when considering a 
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sustainable housing project, namely design quality, site selection, funding, energy 
efficiency, transport to site, supply chain, and recycling. There is now a wide 
recognition that the construction industry has a vital contribution to make towards 
sustainable development states. Opoku and Fortune (2013) believe that the construction 
industry is slow in adopting sustainable approaches to its construction project practices 
taking the environment into consideration.  
 
According to Opoku and Fortune (2013), the construction industry has a significant 
social responsibility to minimise the damage its projects does to the environment. As a 
result, the UK government introduced a policy of making sustainability project criteria 
for all publicly funded projects (Essa and Fortune 2008). Construction organizations 
need to provide the collective strategy, vision, and direction towards the common goal 
of environmental sustainability performance for the future. It is important that such 
organisations have both the ability as well as the knowledge to effectively move 
construction projects or towards sustainability (Opoku and Fortune, 2013).  
 
3.3.1.1 Factors influencing Environmental sustainability performance in 
Construction Projects 
The construction industry faces several environmental impacts in the UK. The 
reduction of the negative impacts of construction activities is a going concern and the 
environment absorbs the stress. (Akadiri & Olomolaiye, 2012). According to Akadiri 
and Fadiya (2013) in the UK, legislative influence has been used in many areas of 
sustainable development. The government has issued a series of regulations and 
policies for controlling environmental impact of construction activities. For example, 
in the UK, the government announced that by 2016 all the new domestic buildings built 
would be zero emission on cooling and heating, with non- domestic buildings to follow 
by 2019 (Akadiri & Fadiya, 2013). 
 
According to Ofori (2000), the environmental results generated from the construction 
industry related to many factors such as; 
 
 Wastewater release.  
 Utilization of water resources.  
 40 
 Land utilization. 
 Contamination from building material. 
 Production of substantial volumes of water.  
 Dust and gas emissions released during transportation and generation of 
materials and in some construction operations.  
 Utilization of large amounts of energy during handling of materials in the 
construction process. 
 Interruption due to noise contamination and traffic redirection. 
 
The construction industry in the UK a huge and comprises of various sectors of industry 
activities. Construction is one of the biggest consumers of water, energy, material 
resources and it an ongoing polluter. Construction activities has regular environmental 
impacts related to designing plan amid the construction stage, noise, virtual 
interruption, and temporary pollution due to expanded activities as a result of 
transportation of materials and labourers. Construction companies create a colossal 
amount of waste which demonstrates that a huge volume of waste comes from 
production, transportation and utilization of materials (Osmani, et al., 2008). 
 
3.3.1.2 Key performance indicators for measurement 
In recent decades, a maturing concern and interest in building performance that is 
increasingly evidenced in building design have been witnessed. Green or sustainable 
design is not simply about achieving higher environmental sustainability performance 
standards or investing in new value, it is also about rethinking design ‘intelligence’ and 
how it is placed in buildings. The division between the philosophies ‘‘Green’’, 
‘‘Intelligent’’ and ‘‘Sustainable’’ is critical in what underlies valid sustainable 
buildings. These concepts have no givens- these terms are more useful when thought 
of as a mind-set - a goal to be sought and a process to follow. 
 
The use of KPIs and benchmarking is important to any improvement strategy. ‘‘An 
indicator system should provide a measure of current performance, a clear statement of 
what might be achieved in terms of future performance targets and a yardstick for 
measurement of progress along the way’’ states (Jefferson, et al., 2007) 
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Fig. 3.1 Key Performance indicators for Environmental sustainability 
performance (Alwaer & Clements-Croome, 2009) 
 
3.3.1.3 Approaches for the management of Environmental Sustainability 
Performance of Construction Projects 
Environmental sustainability performance (ESP) of a construction project during a 
construction project is a main objective to achieve the Sustainable development. The 
environmental impacts of buildings on construction projects had been considered as a 
key problem facing the construction sector (Tam, et al., 2006; Khalfan & Asaad, 2006; 
Saparauskas & Turskis, 2006).The development of different management approaches 
were discovered from the assessment of the environmental impact that led to recognize 
the significant effects of construction activities on Sustainable development (Ahn, et 
al., 2010; Kaatz, et al., 2005). 
  
Building Research Establishment Environmental Assessment Method (BREEAM) was 
released in 1990. Attempts have been implemented to develop a comprehensive 
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framework that involve a wide span of environmental criteria in assessing building 
performance in a sustainability context. Since then building sustainability performance 
certification schemes have been multiplying throughout the world through drawing on 
experience of other systems and collective knowledge (Cole, 2006). There are concerns 
amongst the growth on the efficiency of building assessment methods as they are 
usually concerned with their consequences on buildings as completed products, 
however, more consideration is taken into account due to impacts at various stages in 
the building process (Ding, 2008; Shen, et al, 2002; Kaatz, et al., 2005). 
 
According to Opoku and Fortune (2011) organizational leadership is required to take 
brave steps to move beyond compliance, efficiency or just being green, to a higher level 
of performance. Sustainability is now viewed by organisations as being part of a 
strategy for long- term business, not only for success, but survival as well (McCann & 
Holt, 2010). Ofori and Toor (2008) believes that leaders should incorporate 
sustainability in their organizational activities and make environmental sustainability 
performance part of their overall business strategy. Parkin (2010) highlights the relation 
between sustainable practice and leadership when she asserts and defines leadership as 
a vital ingredient for achieving sustainability. Parkin (2010) also believes that without 
it, sustainability will never make it in government, business or anywhere.  
 
Construction companies are now required to change the way they operate from focusing 
on the short-term maximisation of shareholders value to paying attention to the social, 
economic, and environmental effects of their operations (Quinn & Baltes, 2007). The 
construction industry is therefore one of the key sectors required to lead the drive owing 
to the significant negative impacts environmental activities can cause. It is believed that 
any efficient change process requires dedicated leadership (Opoku and Fortune, 2011).  
 
Ofori and Toor (2008) opine that leaders have a significant role to play in the 
construction industry as the industry undertakes its critical role in the efforts to achieve 
sustainable development. It is assumed that the ability of organisations, irrespective of 
their level of maturity, to pursue the sustainability agenda which is influenced by the 
commitment and conviction of their leadership approach towards sustainability (Opoku 
and Fortune, 2011). The importance of sustainability should be communicated by 
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leaders and they should establish a culture of integrating sustainability into a daily 
management system (Avery, 2005). 
 
In addition, Ofori and Toor (2008) state that leadership is the key success factor in the 
drive towards sustainability. The solution lies in leadership that is dedicated, self-aware, 
and able to earn the support, and direct the actions of all stakeholders towards the 
pursuit of a common project related goal of sustainability (Opoku and Fortune, 2011). 
Leaders must also possess the ability to understand and overcome the challenges or 
barriers to adopting sustainability (Lueneburger & Goleman, 2010). 
 
Companies are not fully embracing sustainability because most organisational leader 
do not understand the issues firmly nor do they know how to develop the strategies 
essential for the adoption of more sustainable practices. Even though Redekop (2007) 
debates that the characteristics of a sustainable leader have not been methodically 
researched. Middlebrooks, et al. (2009) identified the characteristics of sustainability 
leadership as: the ability to see organisational culture through the informed lens of the 
triple bottom line of sustainability; understanding and knowledge of the different 
balances and interconnections between the triple bottom line in the pursuit of 
sustainable ends; a desire to make a positive transformation in the long-term; the ability 
to influence others in a socially just manner; and the ability to manage behavioural and 
systems change.  
 
Opoku and Fortune (2011) maintain that success with sustainability requires clear 
leadership at the organisational level to understand, identify and to manage effective 
ground-breaking resolutions which address the critical social, environmental, and 
economic challenges faced by the world today. Sustainability leaders should not just 
give direction but should also develop and implement actions in collaboration with 
others, adapting to unforeseen changes in the environment overtime through 
modification as and when needed (Ferdig, 2007). 
 
Various approaches for the management of environmental sustainability performance 
in construction projects include the following: 
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I. The Integrated Management System (IMS) 
Is an effective way of handling the plethora of management functions and 
procedures that are implemented throughout construction projects. Safety, 
Quality and environmental management are at the lead of management systems 
innovation where the integration of these traditionally independent systems is 
expected to deliver a range of benefits through efficiency gains at both corporate 
organisational levels and projects. Contracting organisations are implementing 
integration in various ways which makes potential benefits difficult to spot and 
share across the construction industry (Griffith, et al., 2014). 
 
II. Building Environment Assessment (BEA) 
There is concern about how to reduce environmental impacts, in the context of 
the building environment. The energy crisis of the 1970s was a turning point for 
the focus on energy conservation measures and policies concerning airtightness 
and thermal insulation in developed countries around the world. These new 
energy-saving measures created problems that were new of room air pollution 
caused by improvements in airtightness. Consequently, it was thought that BEA 
should be multi-objective. The aim of BEA methods is to improve the 
environmental sustainability performance of constructed buildings by focusing 
on energy consumption, heat insulation, air quality, light, noise land use, 
material consumption, water efficiency, etc. (Burnett, 2007). In the early 1990s 
comprehensive environmental assessments raised the stakes by heightening 
social interest in environmental issues. Comprehensive assessment systems for 
building environments were required in the context of a sustainable index in 
order to comprehensively assess how to develop a global standard of assessment 
and how to provide worldwide awareness of certification systems and the tools 
needed to assess the portfolio value of buildings (Ding, 2008).  
 
The BEA Introduces a manner of structuring environmental information, an 
objective assessment of building performance, and a way to measure progress 
towards sustainability (Ding, 2008). The BEA has a broadly scored index 
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classified into 6–15 areas such as resource consumption (e.g., energy, land, 
water and materials), environmental loading, longevity and indoor comfort. 
Furthermore, to the environmental aspects of BEA, cultural and social aspects 
are also included, while energy and resources are the main issues. The registered 
indexes differ between each BEA and are evaluated by a system that also 
depends on each BEA. Some methods have more than 100 indexes while some 
only have 30. Some tools are structured around design strategies and others are 
structured around environmental impacts ot loadings. Every index is evaluated 
based on each BEA tool. Simple assessment tools, which are used for pre-
assessment are open to the public, and a simplified checklist format is used to 
make it easy for the user to understand the assessment. 
 
Pre-assessment involves the client. The checklist also facilitates use in the 
design process; while it is particularly difficult for such an approach to compare 
alternative options with a quantitative scale there is a trade-off among options. 
Expert-assessing systems are also available, however, trained assessors are not 
satisfied with these systems. Pre-assessment tools are of the essence in 
clarifying the objectives of building owners at the early design stage and in 
setting desired ratings. According to their performance, evaluated indexes are 
awarded in each area, e.g., energy saving or security. Environmental assessment 
methods have been applied mainly to new construction, while maintenance and 
refurbishment of existing buildings are also an important part of a sustainable 
future (Ding, 2008), the effort in this area in construction is not yet sufficient. 
 
3.3.2 Lessons learnt 
The UK construction industry shed some light on lessons that have been learned. It 
highlighted that construction activities influences the environment for the duration of 
the Project life cycle (PLC). The PLC alludes from the project design or pre-contract 
planning to construction process and utilization of material reuse and disposal. Another 
lesson learned was that there is existing EIA put in place to eradicate or minimize 
environmental impacts on construction projects. However, there are KPI’s that impact 
the environment during construction phase such as; site selection and land-use, 
material, green gas emissions, accessibility and transportation of labourers and 
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material, durability, waste, energy, natural recourses, water and water conservations 
(Alwaer & Clements-Croome, 2009). 
 
Construction activities impact the eco-system related to any design plan to the 
construction and demolition phase. Therefore, the relationship between sustainable 
development and environmental sustainability performance goes hand-in-hand. 
 
3.3.3 Section summary 
This chapter gave an in-depth discussion of Environmental Sustainability performance 
in construction projects in the United Kingdom’s construction industry. Literature 
showed that there have been integrated environmental management systems put in place 
such as the Building Research Establishment Environmental Assessment Method 
which is currently under the process in exposing factors influencing environmental 
sustainability performance in construction projects. Furthermore, research reveals the 
growth of environmental sustainability performance in the United Kingdom’s 
construction industry and points out how Green or sustainable design is key in 
achieving higher environmental sustainability performance standards. The next section 
reviews literature related to environmental sustainability performance in construction 
project in China. 
 
3.4 Background of China 
There’s no question that China pushes above its weight on the world trade scene. China 
has numerous skyscrapers, fascinating lit-up city views at night, futuristic architecture 
and high-speed trains which creates an image of an extremely wealthy and developed 
country. That’s right to some extent. China is really rich, but not everywhere believes 
Mitchell (2019). There are still a lot of contradictions when it comes to determining 
China’s status on a developed or developing facade. The success China gained in 
numerous domains in the past years makes backs the fact up that the country has a 
developed status. It is the world’s most populated country with more than 1.4 billion 
citizens.  
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The country holds the world’s second largest economy after the USA. However, on the 
other hand, China is still ranked as developing country by the WTO (World Trade 
Organization) in 2001. The WTO’s policy is that they don’t divide countries that enter 
the organization into developing and developed status. They give the right to decide on 
it to countries themselves. Thus, China claimed itself to be a developing country when 
it entered the organization. However, some members of the WTO don’t agree with 
China’s status of a developing country. In spite of this, the Chinese President, Xi 
Jinping, confirmed this status numerous times in 2017. However, there are some 
political and economic reasons behind this (Mitchell, 2019). 
 
3.4.1 Environmental Sustainability Performance of Construction Projects in 
China 
China falls under one of the most polluted countries in the world, with air pollution 
ranked number one as an environmental impact factor. In some areas, the air is so foul 
that citizens have to wear masks to eliminate health hazards. It is believed that increased 
pollution is an indicator of a developing country since the industry is growing and a 
great number of industrial wastes is quite a natural event. The government of China 
itself claims the level of environmental pollution determines China as a developing 
nation. Nonetheless, their Infrastructure contradicts that governmental claim (Mitchell, 
2019). 
 
Whilst construction contributes significantly to the economy of any country, the 
construction industry has a negative impact on the natural environment. Construction 
by nature, is not an environmentally friendly industry (Lu & Yuan, 2010). There is no 
doubt that minimizing the environmental impact of the building sector is important to 
achieve sustainable development. For example, a proper construction project can 
achieve sustainable development by using fewer natural materials, green materials, 
materials with low environmental impacts, and applying renewable energies to reduce 
energy and water consumption and environmental loads, thereby promoting the 
principles of sustainable construction (SCSSC, 2006). Based on these reflections, there 
are currently two examples worldwide that could be considered best practices and that 
fulfilled the requirements applications and integrating the principles of energy and 
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materials as well as the reduced cost required to operate buildings (Ortiz & Sonnemann, 
2009). 
 
The Chinese government has enacted standards and policies on green demands of 
construction industry to protect the environment, inside pollution control and 
construction material quality. Since the 2004 Beijing Olympics Games, the government 
has begun to further encourage green construction practices (Shi, et al., 2013). 
 
3.4.1.2 Factors influencing Environmental sustainability performance in 
Construction Projects  
In line with China’s impressive economic development, there has been a dreadful 
degradation of China’s environmental impacts in construction caused in part by the 
large amount of waste generated by construction activities associated with expanding 
infrastructure and urbanization programmes. China produced approximately 30% of the 
world’s municipal solid waste (MSW), and more recently, Wang et al. (2008) found 
that amongst China’s MSW, construction activities were responsible for approximately 
40% of that, having consumed about 40% of total natural resources and around 40% of 
energy. Most of that waste has not been well processed, which has caused heavy 
environmental pollution and ecological damage. Even though effective management of 
Construction and Demolition (CD) waste in China’s fast-developing construction 
sector is crucially needed. There has yet to be any substantial research into ways to 
accomplish this (Lu & Yuan, 2010).  
 
The construction industry involves various activities that plays a significant role in 
environmental sustainability performance. Activities such as excavation work, building 
and civil works, demolition activities, road works, site clearance and building 
renovation, generates a tremendous amount of CD waste (EPD, 1998; Shen, et al., 2004; 
Tam and Tam, 2008). CD waste is typically in the form of building debris, rubble, earth, 
timber, concrete, steel and mixed site clearance material; it is often a mixture of organic 
materials and inert. In Hong Kong, the annual generation of CD waste was more than 
double in nine years from 1993, reaching a high of 20 million tons in 2004 (Poon, 2007). 
Since the adoption of sustainable development as a desirable concept, the construction 
industry has taken measures to improve its adverse impact on the environment so much 
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so that CD Waste Management is now an established discipline worldwide (Lu & Yuan, 
2010). 
 
Table 3.1 Environmental impacts associated with a range of infrastructure 
development factors. 
 Atmosphere Geosphere Biosphere Reference 
Road Air pollution; 
dust; 
microclimatic 
effects from 
warming; noise 
pollution 
 
Soil erosion; 
landslides 
especially in 
mountainous 
terrain 
Habitat loss; edge 
and barrier affect, 
particularly wider 
clearings; road kills; 
fragmentation; 
human and exotic 
species invasions 
(Karlson, et al., 
2014) 
Hydropower Heavy usage of 
energy-intensive 
concrete, usually 
produced from 
coal-fired plants; 
greenhouse gas 
emissions from 
decomposing 
biomass in 
reservoir 
Higher water 
table affects soil, 
can cause 
landslides and 
soil erosion 
Hydrological changes 
affect aquatic 
ecosystem; 
submersion of vast 
swathes of forest 
(Wang, et al., 
2012) 
Coal plant Toxic air 
pollution; acid 
rain; greenhouse 
gases 
Subsidence from 
lowering 
of water table 
Physical habitat 
destruction; air and 
water pollutants 
(Munawer, 
2017) 
 
3.4.1.3 Key performance indicators for measurement 
In China, water use intensity (WUI: water use per unit of gross domestic product) and 
energy consumption intensity (ECI: energy consumption per unit of gross domestic 
product) have been the key indicators of water and energy security when creating 
policy. China’s 13th Five-Year Plan clearly stated that the goals of controlling total 
water use and water amount intensity should be implemented such that water use 
intensity will decrease by 23% by 2020 (National Development and Innovation 
Committee, 2016). The 13th Five-Year Plan is part of a proposal for the goal of 
controlling energy consumption intensity. For an example, in Beijing, energy 
consumption intensity is to be reduced by 17% from 2016 to 2020 (People’s 
Government of Beijing Municipality, 2016). Since energy consumption and water use 
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intensity are both national policy objectives, they have adopted these two indicators to 
identify the tendency of water use and energy consumption characteristics under the 
impact of urban development and construction. 
 
With the increasing demand for energy and water the growing tensions between energy 
and water departments, the water and energy link has become the focus of global 
research. Gleick (1994) strongly believes that the interdependence between water and 
energy and he speculated that there was a strong balance between the growing water 
crisis and energy resource conflicts. Sun, et al. (2018) presented an energy–water nexus 
in the Beijing–Tianjin–Hebei region, from the perspective of the electricity sector, and 
found that, while the insufficient water demand of power generation can be mitigated, 
to a certain degree, through technological advancements and power structure 
adjustments, the trend towards water shortages cannot be avoided.  
 
Different condition and discharge quality guidelines in the natural laws give a 
quantitative outline of the advancement of China’s contamination control targets and 
measures. China has numerous environmental laws at various authoritative levels. In 
1978, the third Chinese constitution was issued with the incorporation of an ecological 
commission (Reutres, 2018). The Environmental protection Law (EPL) was issued on 
a preliminary premise in 1979, and formally launched in 1989. On a later stage, China 
issued around 30 laws about the environment, such as the Law on the Prevention and 
Control of Atmospheric Pollution, EPL and also Environmental Protection Tax Law 
(EPTL), and also many other administrative regulations, as well as much more detailed 
models (Mu, et al., 2014). 
 
Ten Specific Conventional Regulatory Measures 
 
Ten particular customary administrative measures were set in the previous decades, 
which are mentioned below. These measures are frequently referred to as the ‘Old 
Three’, ‘New Five ,Target Response and Total Emission Control’ with no. 1, 6, 10, 
represent the ‘Old Three’ and were set in the vicinity of 1972 and 1979, whereas ‘New 
Five’ alludes to no. 2, 5, 7, 8, 9 and are cemented in the vicinity of 1980 and 1989). 
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Table 3.2: Measures Taken to Enforce Environmental Laws and Counter 
Environmental Challenges 
 
 KPI Measures Description of measure 
1 Construction project 
environmental impact 
assessment (EIA) 
Construction projects are required to go through 
EIAs before starting the construction process. It 
was extended to include planning the EIAs in 
2003 
 
2 Centralised pollution 
control 
It is designed for the polluting units in a 
particular area to be mutually planned and 
operated 
 
3 Total emission control Aggregated emission quotas, however, less than 
a certain cap are allocated to targeted enterprises 
or local governments within a limited area and 
time 
 
4 Environmental 
protection target 
responsibility system 
The possible assessment shall be done at the 
local government or the county level which have 
due jurisdictions and are responsible for their 
perspective environmental protection 
 
5 Cleaner production The polluters should monitor the generation and 
consumption of waste through conducting audits 
for cleaner production and then submit the 
reports to the concerned administrative 
departments thereafter 
 
6 Pollution fees A fee is payable for excessive discharge above 
than that of discharge standards. Pollution fees 
became collectable on all the discharges in 2003 
 
7 Undertake treatment 
within a prescribed 
limit of time 
The pollutants shall dispose and discharge of 
pollution within the timeframe as prescribed by 
law. The government has decided that the firms 
which are identified as heavy polluters, must 
dispose of the pollution sources within the 
stipulated time frame 
 
8 Pollutant discharge 
permit 
Polluting units are bound to discharge pollutants 
within the limits they have allowed in their 
permits. Pollutants are required to attain 
certificates of pollution discharge permit 
 
9 Comprehensive 
quantitative evaluation 
of urban environment 
It is weighted as a grading system with indicators 
covering all aspects of environmental protection 
10 Three Simultaneously’ 
(3S) 
In a construction project, installations for the 
control and prevention of pollution is essential to 
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be built and designed together with the main part 
of the project 
 
 
Source: (Reutres, 2018) 
 
3.4.1.4 Approaches for the management of Environmental Sustainability 
Performance of Construction Projects 
Hillary (2004) suggested that the industrial sector of Small and Medium Enterprises 
(SMEs) contributes up to 70% of industrial pollution on the environmental side and 
there is a need to increase the modernization of industrial process in developing 
countries and promote best practices engineering, in order to overcome these adverse 
environmental impacts. The construction sector must react quickly in changing 
environmental considerations, capacity, lack of knowledge and initiative to apply a life 
cycle method to the SMEs. LCAs are sought worldwide and this methodology is not a 
utopian tool to deploy in developing countries. However, technology, financial 
supports, and technical assistance play a significant role when applying LCA 
throughout industrial activities in developing countries, in most developed countries 
LCA is the cornerstone for most industrial activities (Ortiz, et al., 2007). It is, therefore, 
crucial to apply the promising LCA methodology in both developed and developing 
countries to allow sustainable development (Hunkeler & Rebitzer, 2005). 
 
Major impacts of construction activities on the environment, governments worldwide 
have introduced various regulations and policies to moderate these impacts. In Hong 
Kong, there is a system put in place with regards to legislation for controlling 
environmental sustainability performance in construction projects, which includes the 
Waste Disposal Ordinance Regulation, Air Pollution Control (Open Burning) 
Regulation and the Noise Control (General) Regulation. The Chinese government has 
been implementing various ecologically friendly, sustainable systems and policies to 
reduce environmental loads associated with building construction. These policies 
include energy saving, waste reduction, raw material, reduction, and durability 
improvements (Oh, 2007).  However, the related legislation is underdeveloped as most 
of existing building codes are developed in 1990s and has not been updated accordingly 
with conjunction to the rapid growth of the local construction industry. Therefore, it is 
recommended that the critical role of sustainable development and green construction 
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is pointed out in the fundamental legal system of the construction industry (Shi, et al., 
2013). 
 
Construction and Demolition (CD) Waste Management (WM) 
The Construction and Demolition (CD) Waste Management (WM) research and 
practice in China came into focus in the 1990s when China sped up its economic 
reforms and the environmental degradation engendered by the consequential increased 
manufacturing and construction activities reached an alarming point. The 3Rs principle 
is conducted and guided by the CD WM research and practice, which is also known as 
the hierarchy of CD WM. The 3Rs aim is to enable the three desirable strategies of 
reduce, reuse and recycle, which are structurally arranged in order of importance (Tam 
& Tam, 2006). Reduction is considered as the most efficient and effective method for 
CD WM as it offers double benefits of preventing the generation of CD waste and the 
reduction of cost of higher charges for waste disposal, transportation and recycling 
(Poon, 2007; Esin & Cosgun, 2007). Reuse is the second most important factor, which 
includes using construction material for the same function, such as the reusing of 
formwork, and for a new function (new-life reuse) such as using the cut-corner of a 
steel bar for supporting shelves. Recycling comes in when reduction and reuse is not 
feasible. Recycling can offer the benefits of reduced demand for new resources, a 
reduction of transport and production energy costs, is a massive gain for construction 
companies as they are cost effective ways of construction. The utilization of waste that 
would otherwise be lost to landfill sites, is a positive gain for a construction firm (Tam, 
2008a). 
 
CD WM includes the whole lifecycle of a project and it also involves all stakeholders. 
Although the construction and demolition stages generate the most waste, it is generally 
considered that each stage of a project’s lifecycle adds to CD waste (Osmani et al., 
2008; Esin & Cosgun, 2007; Hao et al., 2008). As a result, the CD WM practice 
emphasizes the integration of a project’s entire lifecycle (Ofori, 2004; Osmani et al., 
2008). The overall efficiency of CD WM will largely depend on how the process and 
information are involved in managing CD waste throughout a project’s lifecycle and 
how it is integrated (Hao et al., 2007b). In proportion to the entire lifecycle approach to 
CD WM, it is highly desirable to have the active participation of all stakeholders 
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including suppliers, clients, government, contractors, and facilities management 
companies. This concept was key point raised in the Rio de Janeiro Declaration that 
came out of the United Nations Conference on Environment and Development 
(UNCED, 1992). Ultimately, clients may have to pay for WM as in some cases it is 
included in bidding documents where main contractors often involve subcontractors 
and suppliers in their waste management plans (Tam, 2008b). Time and again, the 
general public expressively influence a construction project for environmental reasons. 
Nevertheless, implementation of the stake-holder-involved whole lifecycle concept for 
CD WM is still somewhat slow. 
 
Wang et al. (2004) analysed the major factors affecting the generation of CD waste in 
diverse districts, whereas Wang and Yuan (2008) attempted to deal with the complexity 
of on-site WM by implementing a system dynamics approach. Research has also 
revealed the problems associated with WM including a lack of sufficient WM skills and 
the use of traditional construction procedures (Wang & Yuan, 2006), a lack of 
incentives for implementing CD waste reduction on-site (Wang & Yuan, 2008) and a 
lack of government rules on WM along with fairly low landfill charges in China (Yuan, 
2008). 
 
Even though research on CD WM in China has been conducted in several major cities, 
including Shanghai, Beijing and Shenzhen, minimum attention has been paid to the 
handling of CD waste in other regions. This is quite understandable in view of China’s 
territorial size and the fact that developed regions will express more concern for 
environmental issues, whilst in less developed regions, environmental protection is 
often low on the agenda for fear of slowing down economic growth. The knowledge of 
CD WM developed in one region cannot be simply applied to other regions without 
considering their contextual variances due to regional variation (Lu & Yuan, 2010). 
 
Description, Success Factors and Shortcomings 
 
i. WM regulations 
A good policy system formulated by WM regulations is ranked as the most profound 
and success factor for implementing and conducting CD WM in Shenzhen. Jaillon and 
Poon (2008), and Karavezyris (2007) suggested that government usually plays a crucial 
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role in encouraging CD WM practice by enforcing policies for the whole industry. The 
aim is to arrive at an understanding of the effectiveness of current CD WM policies and 
the regulatory environment operating in Shenzhen. Research reflects that current 
policies for CD WM are generally ineffective, although the declaration of various CD 
WM laws and regulations since 1990s has somewhat improved the situation. The 
biggest problem is that most current policies are not detailed enough for guiding and 
enforcing CD WM (Lu and Yuan 2010). Research expresses the view that the Shenzhen 
government should implement an operable CD WM policy to effectively conduct waste 
sorting, recycling, reduction, reuse and disposal.  
 
The shortfall is that waste managers are not able to benchmark their WM practice in 
line with specific standards and norms. The implication is that for the management of 
CD waste to be truly regulated, regions need to develop their own detailed regulations, 
norms, and standards. Lu and Yuan(2010) observe that there are normally three ways 
to handle waste generated from a project: (1) by specialist waste contractors, (2) by the 
contractors themselves, and (3) by the local Environment Department. Since the 
disposal and collection of CD waste by specialist waste contractors saves both cost and 
time, it is increasingly popular in Shenzhen. After CD waste has been transported off a 
construction site, the contractor rarely cares about where the distribution point is. 
Contractors even dump illegally in Shenzhen. More specific policies, known as “trip-
ticket” systems implemented in Hong Kong, should be put in place to clearly specify 
the responsibilities of involved stakeholders and prevent illegal dumping in China (Lu 
& Yuan, 2010) and the law breakers should be charged under the “Polluter-Pays-
Principle”, which is the general considerable measure in reducing waste (Tam, 2008b). 
 
ii. Waste management system (WMS) 
The establishment of a CD WMS is ranked as the 2nd Critical Success Factor (CSF) 
for CD WM in China. The definition of WMS was taken from Environment 
Management System (EMS) as stated in ISO 14000 as an overall management system 
which includes organization structure, plan responsibilities, practices, procedures, 
processes and resources for managing CD waste. It is an internal system that is 
formulated for contractor’s usage to conduct CD WM. Researchers have proven time 
and again that CD waste is one of the major pollutants of the environment, a WMS for 
construction can be considered as a sub-system of a EMS  (Lu & Yuan, 2010). 
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Researchers claimed that there are no systematic approaches within companies, such as 
the allocation of resources for CD WM. Temporary arrangements will be prioritised 
only when CD waste issues emerges. This in conjunction with Shen et al. (2006) who 
reported that Chinese contractors place the environment as the least important, behind 
time, cost, quality, and safety. It is also in accordance with fundamental CD WM 
practice that is by and large a remedial measure. Without waste control plans, CD WM 
is only implemented after its generation, or when complaints are received (Lu & Yuan, 
2010). 
 
According to Poon et al. (2001), effective on-site WM usually involves scheduling the 
arranging collection, waste clearance and scheming removal to suitable disposal sites. 
A pre-arranged Waste Management Plan can be developed by project managers. The 
plan should clarify the possible WM actions and issues in advance, for example, 
necessary resources and suitable scheme for dealing with possible waste problems, 
waste streams being encountered and selected waste disposal sites. The most essential 
step for developing a WMS is to encourage the development of a CD WMP for 
construction projects (Lu & Yuan, 2010). 
 
iii. Awareness of CD WM 
 
Awareness of CD WM is ranked as the 3rd CSF amongst all the factors. Studies have 
pointed out that the practitioners’ awareness of resource saving and environment 
protection, which is a vital driver for CD waste minimization (Osmani et al., 2008; 
Yuan, 2008). Nevertheless, research shows that managers and contractors have little 
awareness of saving resources and protecting the environment through WM when 
building in construction. Lu and Yuan (2010) states that conducting CD WM usually 
means increased project costs and therefore a reduction of company profits. They’re 
interviewees made it very clear that they care more about cost, time, and the quality 
specified in the contract than CD waste reduction (Lu & Yuan, 2010). 
 
The development of CD WM awareness is a lengthy process that requires education for 
practitioners and vocational training. Research shows that CD WM is incorporated in 
many training courses provided by research institutions, universities and government 
 57 
departments. Furthermore, research suggested that a change of the current CD WM 
mindset can be enhanced by the enforcement of the development of CD WM systems 
within companies, government policies and recognition of the importance of WM by 
clients and the general public. 
 
Lu and Yuan (2010) suggests that raising CD WM awareness will be more effective if 
economic concerns can be acknowledged in developing regions. The economy is often 
high on the agenda of local governments and they believe that environmental protection 
will slow down economic development. Equally, research in other regions shows that 
good WM through reducing, reusing, and recycling does not necessarily add to project 
costs (Tam, 2008). It might be more effective to provide companies with solid 
evidences of the benefits and cost savings of CD WM in developing economies (Lu & 
Yuan, 2010). 
 
iv. Low-waste construction technologies 
Research shows that low-waste construction technologies could help reuse, reduce, or 
recycle CD waste. Such technologies include innovative formwork, prefabrication, and 
false work, and low-waste structures. Prefabrication is viewed as a building technology 
that adds significantly value to the reduction of construction waste (Tam et al., 2003; 
Wang et al, 2008; Poon, 2007; Jaillon and Poon, 2008). The prefabrication factories 
that provides components for Hong Kong are located in Shenzhen due to its relatively 
low labour and material costs. Prefabrication is not usually used in Shenzhen. Obstacles 
for adopting prefabrication in Shenzhen typically include inadequate techniques for 
handling current prefabricated components, higher costs, the difficulty of accepting 
prefabrication in Shenzhen’s construction sector, and insufficient incentives from 
government departments. Lu and Yuan (2010) were in agreement that conventional in-
situ construction is still the preferable technique in Shenzhen. 
 
A large proportion of construction waste is caused by formwork and false work that are 
mainly used in conventional construction. According to Poon (2007) timber formwork 
constitutes 30% of the waste generated on-site in Hong Kong and the results of the 
survey conducted for research revealed that Shenzhen is faced with similar problems. 
Timber formwork can only be re-used for at most 6-7 times, which results in a matter 
where a large amount of timber waste has to carted away as well as the extra cost of 
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buying new formwork commences. However, the use of metal formwork can minimize 
on-site construction waste, but it will surely increase the cost of a project. 
 
Other low-waste construction technologies recommended steel structure to use dry-wall 
instead of traditional structural walls, and using bulk cement reusing concrete for 
pavements. The recommendation on the usage of bulk cement is recommended because 
packaging is a major contributor to waste in the construction industry. Waste from the 
packaging of construction materials is first created at the beginning of the construction 
process and the amount grows as the project progresses. It has been reported that broken 
bags together with cement left behind in the packages is the result of approximately 5% 
of package cement waste.  
 
Researchers investigated the waste generation rate (WGR) in four on-going high-rise 
projects in Shenzhen. The three major causes of the WGR were found to be concrete, 
timber, mortar and miscellaneous bricks, which are all heavily related to high-waste 
building technologies. It is suggested that low-waste building technologies which have 
been experimented with in Japan and Hong Kong should be promoted in Shenzhen as 
a part of CD WM practice (Lu & Yuan, 2010). 
 
v. Fewer design changes 
A design change in a construction project is acceptable for adding value to clients, for 
correcting design defects, or for meeting new design specifications. However, in order 
to meet the requirements of high-speed development in Shenzhen, the design of a 
construction project is rapidly implemented without sufficient time to examine it 
closely. Zhu (2009) states that this practice can be traced back to the 1950s when the 
People Republic of China (PRC) was founded and the Top Ten Beijing Buildings 
program was launched; even the design of the Great Hall of the People had not been 
finished when construction commenced.  
 
Another reason for too many design changes during construction is that consumers 
usually fall short conducting a sufficiently thorough market analysis before investing 
in a project. A quick design and insufficient market investigation usually leads to design 
changes at the construction stage, which in turn can lead to cost overruns and more CD 
waste. Constructive propositions such as enhancing design management, sufficient 
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development of the feasibility study, better coordination among all designers, close 
communication between designers and contractors, and reducing the gap between 
“what is wanted, “what is designed” and “what is built” is recommended (Lu & Yuan, 
2010).  
 
vi. Research and development in WM 
Weng and Liu (2008) and Yuan (2008) suggested that research and development 
(R&D) can provide technical support and guidelines for waste reduction, reuse, 
recycling and disposal through identification of R&D as a CSF for conducting CD WM. 
An academic interviewee reported that there is a lack of reliable statistics (e.g. waste 
rate and the total amount of CD waste produced annually) for understanding the status 
quo of CD WM in Shenzhen (Lu & Yuan, 2010). 
 
Lu and Yuan (2010) indicated that R&D should focus on the following: (1) government 
policies; (2) effective WMS within companies; and (3) waste management 
technologies. Government should take a leading role in promoting R&D on WM. 
Without a strong lead by government, other parties such as contractors and clients might 
not bother to conduct CD WM. Research institutes and Universities are expected to 
work closely with government and other stakeholders of CD WM, to promote and 
develop effective WM practices and new WM technologies. The relevant parties in 
Shenzhen can collaborate with their counterparts in Hong Kong, where knowledge of 
CD WM has been better developed through extensive R&D (Lu & Yuan, 2010). 
 
vii. Vocational training in WM 
In support of this CSF, other studies also discovered that the skill-level of construction 
workers has a major influence on CD waste generation (Tam and Tam, 2008; Yuan, 
2008). Activities such as constructing plastering, formwork and handling deliveries will 
cause large amounts of waste if the workers involved are unskilled (Wang et al., 2008). 
Majority of workers in the construction industry in China are from rural areas. They are 
usually farmers with limited skills who have not been trained sufficiently before starting 
work on construction projects. Research reveal that the training time for most 
construction workers is less than one week, the training time for construction workers 
should be substantially increased. There is expected training time for construction 
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workers on efficient WM systems or approaches, which is at least a month long (Lu & 
Yuan, 2010).  
 
Presently, vocational training is mainly conducted by accredited training organizations 
in Shenzhen Construction Bureau. The training programmes mainly cover construction 
techniques, project management, construction materials, engineering evaluation, on-
site construction supervision, and construction safety. It was suggested that sustainable 
development and CD WM skills should be added to the training programmes (Lu & 
Yuan, 2010). 
 
3.5 Lessons learnt 
The lessons learned from the literature showed that there is a coherent understanding 
of Environmental Impact Assessment and the implementation of it. It is a major concern 
that China falls under one of the most polluted countries in the world, with air pollution 
standing out as it is ranked number one as an environmental impact factor. The pollution 
is so critical that over one million citizens die every year due to this occurrence 
(Mitchell, 2019). It highlighted that the three desirable strategies of reduce, reuse and 
recycle have already been adopted. (Tam & Tam, 2006). The construction activities 
that causes the most harm to the environment are excavation work, building and civil 
works, demolition activities, road works, site clearance and building renovation. These 
activities generate a tremendous amount of Construction and Demolition waste (EPD, 
1998; Shen, et al., 2004; Tam and Tam, 2008).  
 
Another lesson learned was that there were measures taken to enforce environmental 
laws and counter environmental challenges on construction projects such as 
construction project environmental impact assessment (EIA), centralised pollution 
control, total emission control, environmental protection target responsibility system, 
cleaner production, pollution fees, undertake treatment within a prescribed limit of 
time, pollutant discharge permit, comprehensive quantitative evaluation of urban 
environment, three simultaneously (Reutres, 2018). An observation was made that 
China is rich in economy but poor in environment pollution. Therefore, environmental 
sustainability performance is adopted as a major headline as it influences the status of 
the country. 
. 
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3.6 Chapter summary 
This chapter gave an in-depth discussion of Environmental sustainability performance 
in construction projects in the construction industry of developed countries. Literature 
showed that there have been integrated environmental management systems that has 
been implemented. However, the approaches used by construction companies are still 
exposing factors influencing environmental sustainability performance in construction 
projects. Furthermore, research reveals the growth of environmental sustainability 
performance in the construction industry in these developed countries. The next chapter 
reviews literature related to environmental sustainability performance in construction 
project in developing countries, and African review. 
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Chapter 4 
4.0 African Literature Review 
4.1 Introduction 
In this chapter, relevant literature concerning Environmental Sustainability 
Performance in two African countries, Ghana and Nigeria are reviewed. This chapter 
conveys the information, knowledge and ideas that have previously been examined and 
established by researchers working on the environmental sustainability performance 
theme in construction projects across both countries. This chapter provides the reader 
with a broader and much more comprehensive understanding on what environmental 
sustainability performance is, the KPI measures to it and the success and failure factors 
of the reviewed studies from Ghana and Nigeria. 
 
4.2.1 Background of construction in the Ghana 
Ghana, a developing country situated in West Africa, with a land area of 238 537 square 
kilometres, and a population of over 23 million citizens, Ghana has great potential in 
the construction sector. Ghana through seeking to be the gateway to West Africa and 
the champion of African excellence, its construction industry has been growing 
consistently over the years. Given the Ghanaian Government’s objective in the Ghana 
Poverty Reduction Strategy (GPRS II) to promote urban infrastructure development 
and the provision of basic services including increased access to decent, safe and 
affordable shelter has given the industry a further boost. According to the World Bank 
(2003) report, the annual value of public procurement for goods, works and consultant 
services represents about 10 % of Ghana’s gross domestic product (GDP).  
 
According to Ayirebi-Dansoh (2005), the operating environment for construction firms 
in Ghana is constantly changing in the face of a volatile economic environment, shifting 
a highly competitive market and political climate. The construction industry is directly 
connected to the Ghanaian economy since the government is the biggest client in the 
industry. Ayirebi-Dansoh (2005) stated that construction companies in Ghana are 
categorised into four financial classes according to the size of individual projects they 
can bid for from government. Road contractors are elected as A1, B1, A2, B2, etc. and 
building contractors are elected as D1, D2, D3 and D4 (Ayirebi-Dansoh, 2005). 
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Therefore, governments have been trying to channel a lot of funds within the 
construction industry, and in particular the road sector. International funding agencies 
have also been helping through provision of funding.  
 
Diallo and Thuillier (2004) stated that most international assistance provided to 
developing countries is managed by projects. They added that projects are financed by 
multilateral development agencies such as the World Bank, the European Union and 
the United Nations Development Program amongst others. In additional, Tuuli, et al. 
(2007) argued that despite the important role the industry plays in the nation, the 
industry is still largely inefficient, especially regarding contract management, as 
characterized by payment delays, time and cost overruns, and poor project 
implementation. In Ghana, risks are dealt with in a completely arbitrary way by adding 
10 % contingency onto the estimated cost of the project.  
 
4.2.2 Environmental sustainability performance of construction projects in Ghana 
Construction project performance has usually been measured in terms of cost, quality 
and time. Recently, the impact of such projects on the environment has been considered 
as the fourth dimension. As such, players within the construction industry have been 
keen to put in place, environmental management systems towards ensuring 
environmental sustainability performance (Ayarkwa, 2010). Ever since the World 
Commission on Environment and Development first mooted the principal of 
sustainable development in the 1980s, government have committed themselves to 
implement sustainable development as the made in a key stone in their economic 
development programmes and policies (Ofori, 2002). An international standard, the 
ISO 14000 (2015) was introduced in order to guide organizations in the management 
of the procedures and processes to reduce or eliminate negative impact on the 
environment.  
 
There is also a more positive and optimistic response to calls for promoting 
sustainability in construction and design techniques (Morton, 2008). Due to the many 
benefits associated with sustainable design and construction, public governments and 
their agencies are increasingly incorporating sustainable design and construction 
practices into new and existing buildings constructed (Ahn, et al., 2013). In spite of 
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these benefits, construction processes, unsustainable design and constant degradation 
of the environment for construction purposes still exist in Ghana. Murillo-Luna, et al. 
(2011) identified scarcity of information and lack of clarity on rigidity of legislation, 
environmental legislation, limited development of the environmental supply sector, 
administrative complexity, high cost of environmental services/technologies, and 
difficulties derived from competitive pressure as possible barriers to the adoption of 
proactive environmental strategies. Lam, et al. (2010) identified the factors hindering 
successful implementation of green specifications in construction. Although various 
steps have been taken by the developed world to fully practice sustainable construction, 
there still exists problems. The situation could even be more serious in Ghana if there 
exist barriers to sustainable design and construction in the developed world.  
   
4.2.3 Factors influencing Environmental Sustainability Performance in CP 
There is no shortage of awareness as contractors and consultants are in agreement 
concerning the negative impact of the construction industry on the environment. They 
are aware that their construction activities are causing a depletion in natural resources, 
air pollution, consumption of excessive energy resources, generation of excessive noise 
and large amount of material waste (Ayarkwa, 2010). 
 
Ayarkwa (2010) believes factors that influences ESP in construction projects in Ghana 
are lack of green technology and techniques, leadership and responsibility, stakeholder 
involvement, reliability and quality of specification, and guide and benchmarking 
systems. In recent years, there has been growing interest in empirically analysing the 
extent to which such barriers hinder development of sustainable construction. 
 
Table 4.1 Adverse environmental impact of construction activities  
 
Adverse impacts stated by contractors  
(Ranked) 
Adverse impact stated by consultants 
(Ranked) 
i. Reduction and depletion of 
resources 
ii. Generation of excessive noise 
i. Reduction and depletion of 
resources 
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iii. Air pollution from dust  
iv. Generation of excess of waste to 
be disposed 
v. Breeding pests and mosquitos 
due to poor house keeping 
vi. Consumption of excessive energy 
resources during site operation  
vii. Loss of agricultural and other 
lands 
viii. Loss of biodiversity 
ix. Chemical pollution from spillage 
and incorrect storage 
ii. Generation of excess of waste to 
be disposed 
iii. Consumption of excessive energy 
resources during site operation  
iv. Air pollution from dust  
v. Generation of excessive noise 
vi. Loss of agricultural and other 
lands 
vii. Breeding pests and mosquitos 
due to poor house keeping 
viii. Loss of biodiversity 
ix. Chemical pollution from spillage 
and incorrect storage 
 
Source: (Ayarkwa, 2010) 
4.2.4 Key performance indicators for measurement 
The environment is now a new challenge that the construction industry is facing in the 
wake of competitive and regulatory pressures and growing public awareness to the 
quality of life and conservations of natural recourses. CSIR Building and Construction 
Technology (2002) stated that environmental impacts on the construction industry is 
probably larger in developing countries than it is in developed countries because 
developing countries are virtually still under construction. They also stated that they 
have a relatively low degree of industrialization, making the construction industry one 
of the biggest sectors that have an influence eon biophysical environment. There is a 
vital need for the construction industry to add a new dimension, the environment, to its 
success standard, by utilizing resources and minimizing adverse environmental impact 
through target investments and organizational changes. The construction industry has 
been encouraged to re-use building assets, recycle material, minimize waste, minimize 
energy in the construction process, converse water, respect people and their local 
environment, use environmental management systems to reduce pollution, enhance 
biodiversity, measure performance and set targets for the environment and 
sustainability (Ayarkwa, 2010). 
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Table 4.2 Measures Taken by construction companies to protect the environment  
 
Measures taken by contractors (Ranked) Measures taken by consultants (Ranked) 
i. Reduce wastage of material in an 
active manner  
ii. Use less pollutive waste disposal 
methods in the process 
iii. Re-use material such as formwork 
iv. Avoid creating excessive noise in site 
operations: control and minor noise 
v. Undertake proper housekeeping to 
avoid the breeding of pests and 
mosquitoes  
vi. Acquire equipment that cause less 
pollution 
vii. Recycle material such as bricks 
viii. Avoid the use of scarce natural 
material such as timber 
 
i. Reduce wastage of materials in an 
active manner 
ii. Re-use material such as formwork 
iii. Avoid creating excessive noise in 
site operations: control and minor 
noise 
iv. Use less pollutive waste disposal 
methods in the process 
v. Acquire equipment that causes less 
pollution 
vi. Avoid the use of scarce natural 
material such as timber 
vii. Recycle material such as bricks 
viii. Undertake proper housekeeping to 
avoid the breeding of pests and 
mosquitoes  
 
 
Source: (Ayarkwa, 2010) 
 
According to Ayarkwa (2010), these attitudes may be attributed to the continuous 
complaints by the public and nearby residents of construction sites with regards to 
current increasing environmental problems the Ghana is facing. Construction 
companies are not doing much to avoid the use of scarce natural materials such as 
timber and the re-cycle the waste materials on site such as bricks.  
 
4.2.5 Approaches for the management of Environmental Sustainability 
Performance of Construction Projects 
Ofori, et al. (2002) defines an Environmental Management System (EMS) as the art of 
the overall management system which includes the organisation structure, 
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responsibilities, procedures, practises, planning activities, processes and resources for 
developing, achieving, implementing, reviewing and maintaining a company’s 
environmental policy. An EMS is a tool that enables organizational systems to reach 
their objectives in resolving environmental problems, enhancing the competitiveness of 
the product in the international market, reducing product cost, increasing the product 
cost leading to effective environmental management for the construction organization.  
 
Impact of ISO 14000 
ISO 14001 (2015) sets out the criteria for an environmental management system. It 
maps out a framework that an organization or companies can follow to set up an 
effective environmental management system. It can also be used by any organization 
regardless of its activity or sector. Workflow can be disrupted, thereby increasing of 
cost and delays can occur. The purpose of this International Standard Organization 
(ISO) is to provide organizations with an outline to protect the environment and respond 
to changing environmental conditions in balance with socio-economic needs. It 
specifies requirements that enable an organization to achieve the proposed outcomes 
for the environmental management system. 
A systematic approach to environmental management can provide top management in 
a construction firm with information to build success over the long term and create 
options for contributing to sustainable development by: 
 Protecting the environment by mitigating and preventing adverse environmental 
impacts; 
 Assisting the organization in the achievement of compliance obligations; 
 Mitigating the potential adverse effect of environmental conditions on the 
organization; 
 Improving environmental performance; 
 Influencing the way the organization's products and services are designed, 
manufactured, consumed, distributed and disposed by using a life cycle 
perspective that can prevent environmental impacts from being unintentionally 
shifted elsewhere within the life cycle; 
 Communicating environmental information to applicable interested parties. 
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 Achieving operational and financial benefits that can result from implementing 
environmentally sound alternatives that strengthen the organization’s market 
position; 
The application of EMS will involve the deployment of extra resources without tangible 
benefits (Tam, et al., 2007). Tam, et al. (2004) believes that government agencies 
remain the best way to encourage environmental management instead of relying upon 
industry innovation. Construction firms have been slow to adopt environmental 
management and evaluation due to lack of technological support such as staff and 
experience, training, and an increase in administrative cost (Tam, et al., 2004). 
     
4.3 Section summary 
There had been rising concern globally about the dangers human activities pose to the 
environment, before the 1970s. Though there were unknown systems in place to raise 
these growing concerns. Environmental Protection is not a new concept in Ghana, as it 
dates back to the colonial era. Existing laws then were mostly related to disease control 
and prevention, they were often enforced in the bigger towns where government 
officials and factories were based. Following the 1992 Earth summit held in Rio-de-
Janeiro, Ghana introduced a great stride with the establishment of the Environmental 
Protection Agency (EPA) on December 31, 1994 by the EPA Act (Act 490). The Act 
490 mandates the EPA to ensure the implementation of government policies on the 
environment regulate and regulate the environment itself. The law mandates the EPA 
to preserve and improve the country’s environment, while seeking remedies to global 
environmental issues (Yeboah & Mensah, 2014). 
 
Ghana has a huge environmental structure which is still evidence of gross 
environmental illiteracy among stakeholders in the construction, procurement and 
manufacturing industries. For example in construction, destruction of natural 
vegetation is common; in manufacturing there is generally improper storage, improper 
disposal of waste, Lack of regulation and use of chemicals causing pollution and 
harmful emissions (Ayarkwa, et al., 2010) This matter calls for the need to look at other 
alternatives to manage the environment to compliment the work of the EPA. It is 
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obvious that the EPA alone cannot overcome the battle with the environment (Adjarko, 
et al., 2014). 
 
This chapter gave an in-depth discussion of Environmental sustainability performance 
in construction projects in the Ghanaian construction industry. Literature reveal that 
construction companies are under awareness that their activities cause depletion to 
recourses, pollution to the air, generation of excessive noise and waste among others. 
Therefore, most construction companies claim that they take measures to reduce 
environmental impacts of their activities during construction projects phase. 
Furthermore, the construction companies that is seeking economic interest and those 
wanting to maintain a corporate image is the companies looking to reach out to an EMS 
such as ISO 14000 and obtain certification thereof (Ayarkwa, 2010). The next section 
reviews literature related to environmental sustainability performance in construction 
project in Nigeria. 
 
4.4 Background on Nigeria construction industry 
In the 1940s, organized construction contracting in Nigeria began, with few foreign 
companies coming into operation (Olowo-Okere, 1985). Nigeria’s Independence in 
1960 strengthened by the “oil boom” of the 1970s brought a rising trend in the 
construction activities and up to the end of the second Republic in 1983. The 
construction industry in Nigeria has witnessed an overwhelming gain in construction 
contracting dominated by emigrant or foreign companies with only a few indigenous 
companies (Idoro, 2009). Unfortunately, the period also exposed the country’s 
indigenous companies’ low level of human resources development required for: 
planning, designing, constructing and maintaining the magnitude in size and number 
of projects conceived by the government.  
 
 However, with improved training organisations, engagement of emigrants, 
collaborations among indigenous and foreign entrepreneurs, political stability and 
improved government policies, gave the Nigerian construction industry a needed 
improvement. The apparent resources gap needed for successful completion of complex 
projects between indigenous companies and their foreign counterparts, which brought 
them closer compared to the pre-independence era (Mbamali & Okotie, 2012). 
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The environment is threatened severely by so many difficulties, some of which are 
caused by the activities of Construction Projects. The global concern to address 
environmental degradation caused by various developmental actions (construction 
projects inclusive) is the basis for calls to evaluate environmental impacts of building 
construction projects in Nigeria. The Nigerian government and policy makers have 
come up with different strategies over the years on how the nation’s economic and 
social potentials can be reinforced. A solid base for ensuring rapid growth and 
sustainable development has been offered by the resources at Nigeria’s disposal, but in 
the opposing, the nation has failed to attain its potentials.  
 
The construction building sector is one of the top five sectors used in measuring the 
National Gross Capital Formation (NGCF) and the GDP of any country and its 
influence on every other sectors, makes it a noteworthy front for sustainable 
development (Mosaku, et al., 2006). The industry’s size, the nature of its operation, the 
job creation potentials and its presence in every developmental activity have made 
construction an attractive area for experimentation in enhancing the effectiveness of 
cooperative and governance works towards sustainable economic development. 
Therefore, the overview of the input of the construction sector to sustainable 
development in Nigeria is imperative. 
 
4.4.1Environmental Sustainability Performance of Construction Projects in 
Nigeria 
Construction projects in Nigeria have both direct and indirect impacts on the 
environment. The identification of relevant impacts on the environment in order of 
severity is a task that needs to be accomplished for the realization of a minimum effect 
of construction project on the environment (Koleosho and Adeyinka, 2006). 
 
Furthermore, impacts considered from building materials could be addressed at 
different stages; from manufacturing and processing to logging and storage through 
installation and use. The construction industry is the major consumer of resources in 
Nigeria. It accounts for 90% of all non-fuel mineral use, and a large proportion of timber 
use. The impact from processing and manufacture is not usually restricted to energy 
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consumption but includes the physical degradation around mines, which includes loss 
of topsoil and forest (Ijigah, et al., 2013). 
 
By its very nature, construction involves the use of large quantities of man-made and 
natural materials (Anigbogu, 2011). According to Anigbogu (2011) an increase in 
construction activities in Nigeria has resulted in an increase in the waste generated not 
only from site preparation, excavation, and construction process itself, but also from 
demolition. Demolition is the selective dismantling of building structures to recover the 
maximum amount of primarily reusable and secondarily recyclable materials in a safe 
and cost-effective manner (Bradley, 2006). The level of practice of deconstruction as 
an alternative to demolition in Nigeria is very low and is more in the form of partial 
deconstruction and scavenging during the demolition of buildings (Anigbogu, 2011). 
The factors militating against planned deconstruction include the fact that components 
are not designed for demolition, it is difficult to recover materials in good conditions, 
and there are practically no facilities for recycling, a scarcity of storage facilities, and 
too poor a skill base for this to become a feasible option (Anigbogu, 2011). There is 
also limited demand for materials salvaged during demolition phase (Anigbogu 
&Ahmad, 2008). That being said, there are some materials salvaged during demolition 
and deconstruction that can be found at second-hand building materials markets 
throughout Nigeria some of which are up to 50 years old. 
 
4.4.2 Factors influencing Environmental sustainability performance in CP 
The built environment in general and the construction industry in particular, has been 
found to be among the main consumers of resources and energy. Also, the construction 
sector is reported to be generating unacceptable levels of manpower and material waste. 
Generally, construction activities which produce wastage can be grouped into on- and 
off-site operational activities. On-site construction activities relate to construction of a 
physical activities which consists of the substructure and superstructure of the building. 
Some degrees of waste materials are unavoidable in the construction process. Off-site 
activities include prefabrication, project design (architectural, structural, electrical 
design and mechanical), manufacturing and transporting of components and materials. 
All estimators usually allow wastage factors in pricing a bill of quantities (Akanni, et 
al., 2015). Clients who initiate projects should put appropriate management systems 
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and procedures in place for overcoming environmental impact that is caused by 
construction activities (Akanni, et al., 2015). 
 
Over the years, experience has revealed, however, that unless site management control 
is strict, wastage can frequently exceed, often by a large margin, than the amount 
allowed in the tender document. Enshassi (1996) emphasises the need for re-unification 
suggesting that effective materials control demands concentrated and coordinated 
action of numerous people performing a variety of functions within the construction 
industry. He further suggested that waste seen on site is not necessarily engendered by 
inadequacy or failure of individual functions involved in materials management system. 
 
On-site activities require electricity tools, machinery and for illumination. The use of 
petrol and fossil fuels by heavy equipment, directly impacts to atmospheric pollution. 
In habitable buildings, energy could be used for many purposes such as for cooling and 
space heating, lighting, domestic hot water and to operate various appliances. However, 
with the inadequacy of electricity supply in Nigeria, the use of different sources of 
power, mostly generators powered by diesel or petrol make the situation still worse 
(Ijigah, et al., 2013). 
 
According to Nwokoro and Onukwube (2011), suitability enquiry is essential as this 
ensures that the construction site can physically and legally accommodate the type and 
size of project being envisaged. When selecting sites for developmental purposes, sites 
in noisy areas must be avoided and compatibility with existing facilities must be 
guaranteed. Determining what else is planned for the construction site in the future can 
also contribute. 
The physical environment within which a construction project is sited may impact 
considerably on its development as construction projects are always affected by 
physical influences. The geographical location of a project, ground conditions and 
weather patterns are the most common examples of physical influences. They are 
unpredictable and as such management actions have not been able to prevent their 
occurrence. Nevertheless, Martin and Thomas (2004) opined that managers of 
construction works will take significant consideration of physical effects when planning 
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the management strategies to avoid excesses which can take advantage of available 
resources. 
 
The recycling and reuse of demolition waste is considered as a factor that affect 
environmental performance. It is also an implementation strategy in managing waste 
by Nigerian construction professionals, perhaps because of the shortage of recycling 
technology within the Nigerian environment (Awopetu et al. 2013). There is still a 
heavy reliance of landfills in the disposal of waste materials, as construction debris is 
mostly seen as waste for disposal rather than resources for reuse and recycling 
(Adebayo 2002; Simion et al. 2013). 
 
4.4.3 Key performance indicators for measurement 
Section 38 of the 1991 Act of Federal Environmental Protection Agency of Nigeria 
defines the environment as including water, land air and all plants/animals or humans 
living therein as well as the inter-relationship that exist among them (Nwokoro & 
Onukwube, 2011). o this effect, the impacts of construction projects are felt by all the 
elements that constitute the environment. Huge importance is increasingly attached to 
the environment as a stakeholder in major construction industries where by 
sustainability cannot be left out as it became such an important factor in today’s world 
(Haigh & Griffiths 2009; Hammond & Booth 2010; Medineckiene, et al. 2010).  
 
 Many construction projects have incorporated sustainability as one of their key 
performance indicators (Fewings, 2013), where progress and productivity are often 
based on the ability to meet several environmental criteria. Chan and Chan (2004) opine 
that it appears that the industry is no longer just focusing on maximising value for 
money for the client. Stabilizing the environment has undoubtedly become part of the 
social responsibility of organisations towards the global community (Castka & 
Balzarova, 2008). 
 
 
 
 
 
 74 
Table 4.3: Key Performance Indicators in Sustainable Construction  
 
KPIs Ranking 
Encourage construction waste management 1 
Renewable building materials 2 
Project design facilities 3 
Promote the use of rapidly – renewable materials 4 
Prevention of pollution from construction activity 5 
Designs that takes into consideration existing cultural patterns and 
behaviours 
6 
Reduction of energy use 7 
Water use reduction and conservation and rainwater collection. 8 
 
Source: (Nwokoro & Onukwube, 2011) 
4.4.4 Approaches for the management of Environmental Sustainability 
Performance of Construction Projects 
Control of material is fairly a new practice in the construction industry. Waste control 
measures has been neglected in general, as the management and the designers are 
mainly concerned on how to control cost without any emphasis on waste control 
measures. It is generally accepted that cost of materials account for a great percentage 
of the total cost of construction projects. Therefore, a system for the control of materials 
on site should be adopted and material wastage on site cannot be treated fully without 
materials control. Most loss of materials occurs as a result of the decision of the site 
management as there is a lack in managing the material on a construction project. 
 
Decision taken at the initial stage of any project that is the design stage, either by the 
supplier or manufacturer of materials are capable of increasing waste level. Since all 
the burden of waste lies solely on the contractor, it is important that the site management 
should ensure a good supervision of materials and apply an effective method of 
monitoring and controlling waste. Waste normally emanates during different stages of 
construction which can be during planning, estimating or construction stage (Wahab & 
Lawal, 2011).  
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Nigeria’s Federal Government has promulgated various regulations and laws to 
safeguard the Nigerian environment. The prevailing laws within the built environment 
include National Policy on the Environment (NPE) 1989, Federal Environmental 
Protection Agency Act of 1988 (FEPA Act), and Environmental Impact Assessment 
Act of 1992 (EIA Act).The Federal Ministry of Environment (FME) enforces and 
administers environmental laws in Nigeria. The Federal Ministry of Environment has 
published a number of guidelines for the administration of the FEPA and EIA Acts and 
procedures for evaluating environmental impact assessment reports (EIA Reports). The 
approach of regulatory agencies is adopted for the prevention of environmental 
damages, the regulation of potentially harmful activities and the punishment of wilful 
harmful damage whenever this occurs. The environmental agencies also adopt the 
approach of engaging communities and individuals at the risk of potential 
environmental damage in dialogue. The EIA approval process adopted by the FME 
involves a system of public hearings during the EIA evaluation process and interested 
members of the public are invited to such hearings and activities. Lagos State 
Environmental Protection Agency (LASEPA) also takes the same approach. 
Unfortunately, the major challenge confronting FEPA is how to translate the laudable 
provisions of the Act into an effective tool for managing environmental performance. 
This is because most Nigerian legislations crumble at the stage of implementation 
(Nwokoro & Onukwube, 2011). 
 
Table 4.4: Ranking of environmental protection measures influencing 
construction projects 
 
Ranked  Environmental Protection Measures 
1 Waste Management 
2 Pollution Control 
3 Ecology Conservation 
4 Energy Conservation 
 
Source: (Ijigah, et al., 2013) 
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I. Waste Management 
Construction wastes are engendered from the manufacture of Construction materials, 
demolition and from accidental wastage on site. The resource effectiveness of building 
materials would be increased if there were measures put in place to reduce waste in the 
manufacture process. These measures include recycling of material to create new 
products to minimize construction waste recycling of materials means that the energy 
can be preserved thus implying more sustainability and prime waste management 
(Ijigah, et al., 2013).  
 
II. Pollution Control 
Another major protection measure recommended by Ijigah, et al. (2013) is pollution 
control. Good construction site practice can prevent and help to control pollution. The 
first step is to prepare environmental risk assessment for all construction materials and 
activities likely to cause pollution. The World Health Organization (2004) guides 
specific measures which can be taken to decrease pollution risks on construction site. 
These guides should be put to implementation phase.  
 
III. Ecology Conservation 
Ijigah, et al. (2013) believes that the use of ecology conservation has been 
underdeveloped by the legislative bottlenecks, technical inadequacies, lack of 
manpower as well as the loopholes in the Land Use Decree 1978 in Nigeria. Community 
practice is also not encouraging ecology conservation to a decent extend. Planning is 
still “for the people”, rather than being “with the people”. Thus, is there need to involve 
every individual in the conservation of our ecosystem as well as enforce every ecology 
conservation laws. 
 
IV. Energy conservation 
Energy conservation will improve the production, extraction and transportation of 
materials. The energy used in the transporting and manufacturing of construction 
materials, is usually very high. Natural materials which are usually lower in embodied 
energy and toxicity than man-made materials should be encouraged because, they 
require less damaging and less processing to the environment (Ijigah, et al., 2013).  
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4.4.5 Lessons Learned 
The lessons learned from the literature showed is that the construction industry in 
Nigeria has impacted the environment negatively in a number of ways (Aminu, et al., 
2010). Environmental protection and waste management are the perceived benefits of 
implementing Environmental Management systems in the Nigerian construction 
industry. Nevertheless, Waste control measures has been neglected in general, as the 
management and the designers are mainly concerned on how to control cost without 
any emphasis on waste control measures. 
 
Furthermore, literature show that there is an understanding of Environmental Impact 
Assessment implementation and adoption. There are four key areas involved, of 
environmental protection measures influencing construction project in Nigerian 
construction industry such as waste management, pollution control, ecology 
conservation and energy conservation. The recycling and reuse of demolition waste is 
considered as a factor that affect environmental performance. It is also an 
implementation strategy in managing waste by Nigerian construction professionals, 
perhaps because of the shortage of recycling technology within the Nigerian 
environment (Awopetu, et al., 2013). The Key Performance Indicators attributes deals 
with the encouragement of construction waste management, renewable building 
materials, project design facilities, the promotion of the rapid use of renewable 
materials, the prevention of pollution from construction activities, the designs that takes 
into consideration existing cultural patterns and behaviours, reduction of energy use, 
water usage reduction and conservation, and rainwater collection. 
 
4.5 Chapter summary 
This chapter gave an in-depth literature review of case studies in Ghana and Nigeria 
and findings revealed the challenges faced in these countries in terms of the evaluation 
of environmental sustainability performance in construction projects and what are faced 
by other countries in the world. The next chapter will discuss environmental 
sustainability performance in South African construction projects. 
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Chapter 5 
5.0 Environmental sustainability performance of construction projects: a South 
African review 
5.1 Introduction  
This chapter reviews existing literature on environmental sustainability performance on 
South African construction projects.  
 
This chapter conveys the information, knowledge and ideas that have previously been 
investigated and established by researchers of environmental sustainability 
performance in construction. From this chapter, the reader gains a broader and much 
more comprehensive understanding on what environmental sustainability performance 
is, its applications and the benefits of implementing it in South African construction 
projects. 
 
5.1.1 Background of the construction industry in South Africa 
The South African construction industry is a big enthusiast of employment and 
development. However, the South African construction industry was particularly hit 
hard when the infrastructure development highs leading op to the 2010 FIFA World 
Cup were followed by a global recession or depressed growth (Economy, 2013). The 
cost of infrastructural development and the building of stadia was estimated at $7.3 
billion from the original estimates of $330 million in 2003 (Economist, 2010). The 
refurbishment of five stadiums and the construction of five new stadiums in South 
Africa were funded primarily from the government unlike the case of Germany in 2006 
where private corporations contributed significant amounts to the costs of construction 
(Haferburg, 2011). It is estimated that the South African government spent in excess of 
R600 billion on larger infrastructural projects such as energy supply and transportation. 
The stadiums remain underutilised after the 2010 event. Maintenance costs are on-
going and in certain instances, but the future of facilities remains uncertain (Sylvester 
& Harju, 2010). The consultancy firm Grant Thornton predicted 415 000 new jobs 
would be created although many will be temporary, however, that never manifested. 
Over 1 million jobs were lost in South Africa in 2009 and 2010, despite all the job 
creation (Haferburg, 2011).  
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Statistics detailing the decline of the industry over the last three years have been well 
published. Furthermore, during the course of most recent years, sustainability is a 
growing economic development model based on the knowledge that aims to address 
the interdependence of natural ecosystems and economic growth and the adverse impact 
economic activities can have on the environment (Roberts & O'Donoghue, 2013). It is 
acknowledged by a South African Municipality, eThekwini, that the city’s natural 
ecosystems provide a critical supply of free ecosystem services that are essential to 
ensuring Durban, South Africa’s long-term sustainability and meeting the basic needs 
of the vulnerable and poor (Roberts & O'Donoghue, 2013).  
 
The post-politically sanctioned racial segregation state driven by the African National 
Congress (ANC) contributed hugely for the benefit of capital through a progression of 
arrangement measures to promote stability, cultivate financial development and enable 
empowering conditions for the universal aggressiveness of South African construction 
companies. The principal part of this strategy was the formation? of a Construction 
Industry Development Board (CIDB), and the formation? of registered contractors. 
This board focuses on bolster projects build up the rising black sector which 
successfully fused black capital into the capital previously denied under political 
legislations in the apartheid era. The move was enabled in conjunction with the 
Reconstruction and Development Program (RDP) in 1994 to a progression of neo-
liberal large-scale economic approaches from the year 1996 onward, guaranteed that 
the expanding levels of labour enhancement and adaptability efficiency of the labour 
force (CIDB, 2004). 
5.2.1 Environmental sustainability performance of Construction Projects in South 
Africa 
Identification of possible impacts of building construction projects on the environment 
is a task that needs to be accomplished for the realization of an effective environmental 
sustainability performance. Our environment is fast deteriorating in its ability to support 
life forms, with every large stride taken towards developments, even larger strides are 
taken backward in society’s failure to protect the environment (UN-Habitat, 2006;Sev, 
2009). The quest for housing has immensely increased urbanization and the built 
environment resulting in various environmental impacts and environmental degradation 
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which is recently being traced to human activities with construction projects taking a 
big portion out of sustainability.  
5.2.2 Factors influencing Environmental sustainability performance in CP 
A review made by Koleosho and Adeyinka (2006) reveals the need for cross 
examination of the activities of the built environment that causes Environmental 
changes so as to identify their impacts for the purpose of mitigation. “The design, 
construction, maintenance and use of Civil and Environmental Research structures have 
impacts on the environment; some of these significant impacts include Energy Impact, 
Visual Impact, Ecological Impact as well as Material impact”. 
 
Construction and upgrading have a huge impact on the environmental resources during 
these activities, it opens the earth surface as well as dust emissions occurs and pollution 
from burning of the fuels. Air pollution is linked to health problems including bronchitis 
and cancer, among others. Regulating pollution is not as effective as implementing 
pollution technology (South Africa Department of Transport, 1994). Although, in 
developed countries such as Japan, The Unites States and European Union, health 
benefits have been achieved through application of strict control of emission standards. 
South Africa is classified as a middle-income country (South Africa, MDG Report, 
2005), they may not adequately afford strict emission control standards as the country 
still has to continue using roads as cost effective mode of transportation necessary to 
fuel the economy. However, the country can prioritize and strategize with means of 
vehicle inspection and maintenance as well as road constructions with modern 
technologies in order to minimize impact on the natural resources. The engendering of 
modern technology to encourage efficiency and reduce effects on the ecological 
resources cannot happen in isolation of effective environmental policy and legislation 
measures as well as financial support (Karani, 2008). 
 
Factors that influence environmental sustainable performance are injudicious 
evaluation, inadvertent fires, erosive energy of tempest water and spill overs, capacity 
and transfer of risky materials, formally dressed utilize, misty approach on water waste, 
disturbance of vegetation and unnecessary loss of soil, uncontrolled vehicle movement 
and vegetation, uncontrolled overhauling repair and refuelling of vehicles, indistinct 
arrangement on strong waste administration. 
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5.2.3 Key performance indicators for measurement 
A majority of difficulties are not construction issues but should rather be tended to and 
overseen by the construction administration to guarantee and extend achievement 
(Weave, 2005). Weave (2005) also believes that a section of the construction issues 
integrates workforce considerations such as security, time, constrains, and the changing 
nature of the occupant.  
 
According to Karani (2008), the environment has put extra weight on vital choices 
identifying with limit, estimating and tender movement. It highlights the significance 
of magnificent close-out and project execution. Outside trade developments directly 
affect the international business of South African construction organizations. Majority 
of times, South African construction work in several remote districts where their 
construction tasks are liable to the danger of nearby social distress, which can engender 
venture delays, harm the hardware and bring down generations. Construction firms 
need to prompt resources into their own representatives and up-skill subcontractors for 
extra strengthening of project performance. Regulating pollution in not as viable as 
applying pollution innovation.  
 
Barker, et al. (2004) believes that environmental effects are essentially brought by 
insufficient management and not adhering to the environmental administration, 
uncontrolled extension of the development site impression, uncontrolled action of 
construction staff and deficient arranging and getting ready for the construction site. 
 
5.2.4 Approach for the management of Environmental Sustainability 
Performance of Construction Projects 
The process of identifying, predicting, evaluating and mitigating the biophysical, social 
and other relevant effects of developmental proposal prior to the biggest and main 
commitment is Environmental Impact Assessment (EIA) (Barlett & Prior, 1991). 
According to International Association for Impact Assessment Act (IAIA, 2000), the 
purpose of EIA is to ensure that decision makers consider all necessary impacts and 
their respective effects when deciding on a construction project. In view of this, it 
should be used as a decision-making tool instead of a decision aiding tool. In South 
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Africa the activities of the international impact assessment act are not felt which result 
to increase in environmental degradations.  
 
Figure 5.1 Environmental impacts (Economic Commission for Africa, 2005)  
 
Environmental protection requires activities on so many levels; starting from 
preventing global warming to protecting living beings. The effects of toxic chemicals 
or poor air quality and supporting basic necessities must also be considered for the 
survival of men. The Government are equally involved in the prevention and regulation 
of water pollution from industries, municipal sewage treatment facilities as well as 
monitoring construction sites and urban areas. All these are mitigating measures to 
reduce the impact of construction projects on the environment, but their enforcement 
and implementation need to be investigated in South Africa. 
 
Hill and Bowen (1997) noted that the initial implementation of the environmental 
management framework in South Africa was voluntary because it enabled the solutions 
to the concerns of implementing sustainability in construction to be tested in the African 
environment before consequently being assimilated into a legal agenda. 
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The shift towards the implementation of environmental management in South Africa is 
gradually gaining significance. This materialised out of the need for an environmentally 
aware approach within the construction industry, which accounts for a large percentage 
of development in Africa. Adebayo (2002) pointed out that the driving force was best 
explained by the Amsterdam Treaty in 1997, which takes on an all approaches to 
sustainable development and encourages an integrated approach in managing and 
implementing environmental policies that affect the economy, leading to parallel 
progress in all the appropriate fields. In other words, the underlying idea of sustainable 
construction in Africa is the fuel that drives growth within the construction industry, 
which is one of the most productive sectors in Africa (Medineckiene, et al., 2010). 
Therefore, it could be said that the environment is a primary stakeholder in the 
economic development of Africa, especially in the area of construction (Marzouk, et 
al., 2013) 
 
Due to its relevance and complexity, the topic of Environmental Management in 
production operations has been very appealing for the business communities. A more 
efficient approach to environmental issues related to production operations brings many 
advantages to an organizational system. Testa, et al. (2011) pointed out that the 
construction industry can lose its competitiveness because of extensive regulations 
regarding environmental issues and policies addressing construction and its activities. 
However, that a more stringent environmental regulation, measured by the frequency 
of inspection, encourages investments in advanced technological equipment, innovative 
products and, as such, has a positive influence upon company performance. In addition, 
a well-structured direct regulation appears to be the most effective and efficient tool 
that positively affects company’s environmental policies on innovation and intangible 
performance, while economic instruments negatively affect business performance.  
 
The concept of Environmental Management has undergone thoughtful changes over the 
past two decades. Nowadays, we can observe two types of postures in companies: some 
only have reactive actions, focusing on the pollution control, aiming to respect the law 
and nothing more, while other companies invest in new technologies and products, with 
a proactive stance on environmental issues (Carvalho et al., 2012). According to Turk 
(2009), there are a limited number of studies on the assessment and implementation of 
ISO 14001 on a countrywide basis in the field of construction. In these studies, two 
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different methodologies can be observed which the one is, studies based on a sample of 
construction companies, and the second one is case studies that is in depth at a single 
enterprise. Among them, Kein et al. (1999) believes that Environmental protection is 
important for the construction companies, but it is not a priority. Ofori et al. (2000) 
claim that the main problems faced by companies are the need of qualified personnel, 
high application costs, lack of knowledge, and changes in traditional applications; and 
that the benefits of ISO 14001 do not compensate the costs of its implementation. One 
can observe that the main reasons for the implementation of ISO 14001 are minimizing 
waste production, and to prevent illegal behaviour related to environment. 
 
Without compromising the environment, it is necessary but not adequate to value the 
environment and internalize likely impacts of construction. The impacts are in most 
cases related to pollution, depletion of natural resources and degradation of 
biodiversity. The local communities dependent on natural resources for livelihoods 
perceive the environment as a source of equity and insist on popular participation that 
encourages stronger relationship between the environmental and social aspects. This 
relationship requires regulatory measures and is fragile relevant to local community 
needs. The Department of Transport and The Department of Environmental Affairs 
both recognize the need to protect the ecosystem, hence the promotion recognition of 
environmental issues pertaining to infrastructure provision and use. Environmental 
issues are closely linked to the non-renewable materials used in construction in 
particular scarcity and unsustainable use of construction materials including fuel used 
to power plant equipment during construction process. 
 
The prevailing instruments towards enhancing integration of construction into ecology 
include the following:  
 General Environmental Legislation 
 Environmental Impact Assessment (EIA)  
 Noise Legislation Act  
 Air Pollution Act  
 Water Pollution Act  
 Biodiversity Conservation Strategy 
 National Environmental Management Authority (NEMA) 
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Alternative approaches are promoting the use of recyclable materials and upgrading 
existing sites to limit construction of new roads and enhance conservation of the 
ecosystem. Appropriate use of transportation of materials is also encouraged to reduce 
emissions, traffic congestions and accidents. Improvement in road infrastructure is seen 
in a complete manner that respects ecological resources, economic and social aspects. 
Therefore, integrated approaches adhere to sound environmental procedures that assess 
environmental management plans, policies and all aspects of the roads infrastructure 
projects that alternative approaches are investigated, explored and negative ecological 
impacts are reduced, and positive ones enhanced. A review of ecological mitigation 
measures for impacts likely to be caused by roads suggest a several ways in which 
ecological impacts can be eliminated (Byron, 2000).  
 
5.2.5 Lessons learned 
The lessons learned from this literature showed that there is a clear understanding of 
the EIA implementation and adoption in the South African construction industry. There 
are factors that stood out with regards to affecting environmental sustainability 
performance in construction n projects. These factors have a relation of success between 
EIA and the environment. They are the design, construction, maintenance and use of 
Civil and Environmental Research structures which have impacts on the environment; 
some of these significant impacts include Energy Impact, Visual Impact, Ecological 
Impact as well as Material impact. 
 
Furthermore, regulating pollution in not as viable as applying pollution innovation and 
that is where technology comes in place to eradicate these factors that have an impact 
on the environment (Karani, 2008). The expectancy of the performance is to determine 
the willingness to better construction performance on projects. Unquestionably, the 
construction sector is one of the most complex and concrete industrial developments 
worldwide. Environmental sustainability performance is an aspect of sustainable 
development and that has not yet been acknowledged in South Africa and in the entire 
continent as a whole (Sev, 2009). Therefore, South African construction industry have 
to put more training and education in place for EIA methods and techniques that can be 
implemented on construction sites. 
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5.3 Chapter summary 
This chapter gave an in-depth literature review of environmental sustainability 
construction in South African. Literature showed that construction items factors is 
subject to change. Based on the scope of the project. The following chapter will discuss 
the research methodology and the procedure followed during the study in order to 
achieve the goal of the study.  
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Chapter 6 
6.0 Methodology 
6.1 Chapter introduction  
This chapter explains the research methodology adopted in achieving the study’s aim 
and objectives. Also, the geographical area where the study was conducted, the study 
design and population sample are also described. In addition, the instruments used in 
collecting the data, including approaches adopted to maintain reliability and validity of 
the instruments and subsequent findings are described in this chapter.  
6.2 Research approach and design  
The research design is the researcher’s overall plan for obtaining answers to the 
research problems or questions guiding the research. The plan consists of the complete 
programme or structure of the works. This plan entails an outline of what the researcher 
will do from writing research aim, objectives and their operational implications to the 
final analysis of the data (Kerlinger, 1986). According to Mouton (2008), research 
design is a set of instructions and guidelines to be followed in addressing the research 
problem.  
 
The current study adopted the quantitative research approach to evaluate factors that 
influence environmental sustainability performance in construction projects. 
Quantitative research is used to quantify the problem by way of eliciting numerical data 
or data that can be converted into usable statistics. It is also used to quantify and 
generalize results from a larger sample population. Furthermore, it uses measurable 
data to formulate facts and uncover patterns in research. The basis for research is to 
plan and structure a research project in such a way that the eventual validity of the 
research findings is maximised through summarising (DeFranzo, 2011). The study 
obtained data through a well-structured questionnaire which was circulated to the 
respondents by the researcher. 
 
6.3 Research area                                                                        
The study is carried out in the Free State Province, South Africa. The research 
combined all individuals working on current on-going construction projects working in 
 88 
the Free State, South Africa. The province was selected for the current study due to an 
observation of the shortage of extant research on the subject of environmental 
sustainability performance in construction projects therein.  
 
 
Figure 6.1 Map of South Africa (YummyMummyz, 2019) 
 
6.4 Target Population 
A population consists of all the subjects to be studied. The target population were 
individuals or a group to whom the survey was relevant to. Ledaba (2012) described 
the target population as individuals or a group who are in the position to answer 
questions and to whom the outcomes of the survey will apply. 
  
The target population for this study is set out for all construction contractors and site 
managers who are currently undergoing construction projects in the Free State province 
of South Africa, from within the public and private sector. The selection of this target 
population is due to the fact that they are physically involved on the implementation of 
construction works on site. They are likely to have in-depth knowledge of the factors 
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influencing environmental sustainability performance on construction projects. These 
factors can truly be reflected by this target population which will result in meeting the 
research objectives. 
 
6.5 Sample 
Since the study is about the environmental sustainability performance on construction 
projects, the respondents involved in the data gathering will only be supervisors and 
managers involved in the construction project implementation team. Random sampling 
will be adopted because it gives all the participants an equal chance to be selected. 
Random sampling is generally adopted when the target population presents the same 
performance or qualifications, or the sampling size is very big to represent the entire 
population efficiently and each member of the entire population has an equal chance of 
being chosen as sampling respondent (Mukuka, 2014).  
 
6.6 Data collection  
A structured questionnaire was used as a means of collecting data in this study. The 
research visited the relevant professionals’ workplaces to personally administer the 
questionnaire. A questionnaire is defined as a research instrument that entails a set of 
questions or other types of prompts that aims to collect information from an individual 
(Lavrakas, 2008). The quantitative research usually entails the use of close-ended 
questions where the respondent not offered the opportunity to elaborate on their 
thoughts. Questionnaires were developed in 1838 by the Statistical Society of London. 
A questionnaire may or may not be delivered in the form of a survey, but a survey 
always consists of questionnaire (Bhat, 2019). 
 
6.7 Instrument of data collection 
Data was collected with the aid of a questionnaire to evaluate and identify the factors 
influencing environmental sustainability performance of construction projects in South 
Africa; secondly, to develop an understanding of concept of environmental 
sustainability performance as it concerns construction project delivery. Thirdly, to 
determine the KPIs for measuring environmental sustainability performance of 
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construction projects and finally, to identify the various approaches to environmental 
sustainability performance management in construction projects. 
 
There are two types of questionnaires, namely open-ended and closed-ended 
questionnaires. Burns and Grove (1993) stated that in the case of the open-ended 
questionnaires the respondents are required to respond in writing in their own words 
and providing more details as they wish, whereas in the closed- ended questionnaires, 
the respondents are given alternatives related to the research topic which are determined 
by the researcher. For this research, a closed-ended questionnaire was used because it 
was easier to manage and analyze in relation with the study. 
 
Table 6.1: Questionnaire survey 
Survey Responses Respondents 
Questionnaire sent out 165 
Questionnaire received back 101 
Usable questionnaire 101 
Usable questionnaire response rate (%) 61 
 
6.8 Period of collection  
The data was collected by the researcher between the months of July to August 2019.  
 
6.9 Data analysis  
Walliman (2006) opined that quantitative analysis deployed a syntax of mathematical 
operations to investigate the properties of data. Statistics can be subdivided into 
nonparametric statistics and description and, parametric statistics. It can further be 
subdivided into description and inferential statistics. Descriptive statistics are used to 
present quantitative descriptions in manageable form. Descriptive statistics assists to 
simplify large amounts of data in a sensible way, whereas inferential statistics go 
beyond describing the characteristics of data and the evaluation of corrections between 
variables (Walliman, 2006). This research made use of descriptive statistics in 
analysing the data collection as this method helps to simplify large amounts of data 
with ease. Data presentation and analysis made use of the percentages and frequency 
 91 
distributions of all the respondents. Frequency tables were drawn and from there the 
data was presented in bar graphs, pie chart diagrams and tables.  
 
A five-point like scale was used to gather data from the questionnaires sent out. The 
adopted scales were as follows:  
  
1. = Strongly disagree  
2. = Disagree  
3. = Neutral  
4. = Agree  
5. = Strongly agree  
 
The other scale used was as follows:  
1. = Very significant  
2. = Somewhat significant 
3. = Somewhat not significant 
4. = Not significant  
  
The computation of the mean item score (MIS) was calculated from the total of all 
weighted responses and then connecting it to the total responses on a particular aspect. 
This was based on the principle that respondents’ score on all the criteria, considered 
together, are the empirically determined indices of relative importance. The index of 
MIS of a particular factor is the sum of the respondents’ actual scores, on the five- point 
scale, given by all the respondents as a proportion of the sum of all maximum possible 
score on the five-point scale that all the respondents could give that criterion. 
Weightings were assigned to each response ranging from one to five for the responses 
of ‘strongly disagree’ to ‘strongly agree’. Or from not ‘significant’ to ‘very significant’. 
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The mean item score (MIS) was derived from the following formula (Lim and Alum, 
1995):  
  
MIS = 1n1 + 2n2 + 3n3 + 4n4 + 5n5  
∑ N where; n1  =  number of 
respondents for strongly disagree n2  =  
number of respondents for disagree n3  =  
number of respondents for neutral n4  =  
number of respondents for agree n5  =  
number of respondents for strongly agree  
N  =  total number of respondents  
 
6.10 Limitation of the study 
The study was undertaken amongst construction professionals. The respondents were 
architects, civil engineers, project managers, quantity surveyors, construction 
managers, construction project, and health and safety officers working on different 
construction projects within the Free State province hence the inability to generalize 
the emergent findings. Therefore, the findings can only be generalized across South 
Africa if samples of all different provinces were participating in the study. Furthermore, 
the time frame as well as finances of the research of the study constituted a barrier for 
collecting more data and thus it might have had an influence in the results generated in 
the study. 
6.11 Ethical consideration  
Ethical issues were a crucial consideration in undertaking this research. The principle 
of voluntary participation was sustained. Therefore, this requires that people will not 
be pressured into participating in the research. Participants were only involved in the 
research where they had given informed consent. Effort was made to help protect the 
privacy of research participants by ensuring confidentiality. Confidentiality was further 
enhanced by keeping respondents anonymous throughout the study. The study was also 
subjected to independent reviews by the supervisors where necessary to help protect all 
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participants and the researcher against potential legal implications of neglecting to 
address important ethical issues, and also to uphold honesty, integrity and quality 
assurance.  
A written cover letter of permission to carry out this research study was obtained from 
the University of Johannesburg, Department of Construction Management and Quantity 
Surveying, and was affixed to the questionnaires sent out.  
  
6.12 Chapter summary  
The chapter was conducted as described, it gives detail on the population, sample, data 
collection instruments as well as strategies used to ensure ethical standards and why 
questionnaires were adopted for the research. The next chapter of this study presents 
the results from the study.  
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Chapter 7 
7.0 Presentation of Findings  
7.1 Chapter introduction  
In this chapter, the results of data obtained from the questionnaires are presented and 
discussed. The questionnaires were administered to respondents comprising of the 
following: quantity surveyors, construction managers, architects, project managers, 
civil engineers, construction project managers and other professionals who were 
involved in construction projects domiciled within the Free State province, South 
Africa. The professionals or respondents were identified from on-going projects in the 
area. Established construction related companies were also approached within the area 
of the study. The chapter focuses on an analysis of the data as obtained from 
questionnaires, which serves as the core tool of the quantitative data approach. The 
analysis was based on 101 completed questionnaires consisting of 6 sections and 107 
questions that were all answered. Out of 165 questionnaires that were sent out, 101 
were completed and reflecting a 61% response rate.  
 
7.2 Structure of the Questionnaire 
The first section of the questionnaire explored the background information of the 
respondents. The second section elicited information concerning the respondents’ 
experience in their organization or what they came across with regards to factors that 
influence environmental sustainability performance. The third section explored factors 
that influence ESP on construction projects highlighting Design-, Legislation-, and 
Construction-related factors. The fourth section dealt with drivers of ESP on 
construction projects, especially in the Free State. The fifth section explored the barriers 
confronting construction companies in achieving successful ESP in construction 
projects in Free State, South Africa. The sixth section and last section explored ways to 
ways to regulate ESP on construction projects in South Africa. Every answer was taken 
into consideration. 
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7.3 Section A: Biographical Data 
This section of the study discusses the profile of the respondents with regards to their 
demographic attribution namely, age group, company occupation, highest education 
qualification, years of experience, and sector of occupation. 
 
7.3.1 Biographical data found  
 
The finding of the 101 valid questionnaires showed that 84.2% of the respondents 
were males and 15.8% were females. 
Table 7.1 Gender 
 Frequency Percent 
Valid Male 85 84.2 
Female 16 15.8 
Total 101 100.0 
 
The sub-question related to the age group were as follow: 3% of the respondents were 
on the age group 21-25 years old, 14.9% of the respondents were on the age group 26-
30 years old, 23.8% of the respondents were on the age group 31-35 years old, as well 
as age group 36-40 years old, 24.8% of the respondents were on the age group 41-45 
years old, 8.9% of the respondents were on the age group 46-50 years old, and the last 
group of 1 % of the respondents were on the age group 51-55 years old. 
 
Table 7.2 Age group 
Age Groups Respondents 
Valid 21 – 25years 3.0% 
26 – 30 years 14.9% 
31 – 35 years 23.8% 
36 – 40 years 23.8% 
41 – 45 years 24.8% 
46 – 50 years 8.9% 
51 – 55 years 1.0% 
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Table 7.3 Occupation in the company 
 
 Percent 
 Architect 6.9% 
Civil engineer 8.9% 
Project manager 17.8% 
Quantity surveyor 18.8% 
Construction manager 33.7% 
Construction project 
manager 
12.9% 
Other 1.0% 
 
The findings related to the respondents’ occupation in the company, results showed that 
6.9% were architects, 8.9% were civil engineers, 17,8% were project managers, 18% 
Quantity Surveyors, Construction managers were the majority which was 33.7%, 
Construction project managers were 12.9%, And Health and Safety Officers were the 
remaining respondents. 
 
Therewith the result for highest education qualification follows: 
 
Figure 7.1 represents the highest education qualifications of the respondents and it 
shows that 27% of the respondents had a certificate or diploma, 31% had bachelor’s 
degrees, 26% had honours degree, with 14% Masters Degrees, and 3% Doctoral 
degrees. 
 
 
 
Figure 7.1 Respondents’ highest education qualifications  
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The figure below shows the working experience of the respondents sampled in the 
industry. It reveals that 2% had less than one year experience, 3% had experience that 
ranged from one to two years, 11.9% had experience in the range of two to five years, 
32.7% had experience that ranged between five to ten years, as well as 32.7% had 
experience that ranged between 10 to 15 years, 10.9% had experience that ranged 
between 15 to 20 years, while 6.9 % of the respondents had more than 20 years’ 
experience in the construction industry.  
 
 
 
Figure 7.2 Respondents’ years of experience in the industry 
 
Figure 7.3 depicts the current sector in which respondents are working. 37% of the 
respondents work for the public sector, 54% for private sector and 10% of respondents 
work for both sectors, where most of them represent consulting firms 
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Figure 7.3 Respondents’ Organizational sector 
 
Figure 7.4 represents the respondents’ knowledge of environmental sustainability in 
construction. The majority (61%) of the respondents knew about environmental 
sustainability performance on construction projects and 39% of the respondents did not 
know what environmental sustainability performance was. 
 
 
 
Figure 7.4 Respondents project involvement 
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The figure below reveals the number of projects the respondents have been involved in 
over the past years. A total of 1% were not involved in any project, 9.9% were involved 
in one or two projects, 35.6% were involved in three to four projects, 23.8% were 
involved in five to six projects, 17.8% were involved in seven to eight projects and 
11.9% were involved in more than eight projects in the past three years.  
 
 
Figure 7.5 Respondents’ involvement of projects in past 3 years 
 
Figure 7.6 shows the number of projects wherein various methods were adopted to 
advance environmental sustainability performance. The majority (61.4%) of the 
respondents, have never implemented methods to advance environmental sustainability 
performance on any of their projects, 36.6% of the respondents’ adopted methods to 
advance ESP in one or two projects and 2% have adopted these methods in three or 
more projects.  
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Figure 7.6 Number of projects where environmental sustainability performance 
were practiced 
7.3.2 Section B: Factors influencing environmental sustainability performance of 
construction projects  
 
Table 7.4 shows the respondents’ ranking of the factors that they have come across that 
causes negative impact on the environment due to construction activities. Five scales 
were used for the section B.  
 
Below figure discloses the respondents’ ranking of what the respondents perceived 
were factors influencing environmental sustainability performance negatively on 
construction projects that they have experienced The finding reveals that waste 
generation was classified first with a mean score of 3.97 and a standard deviation of 
1.170 and on the second position construction demolition with a mean of 3.9604 and 
the standard deviation of 1.15690. The third ranked pollution is noise with a mean of 
3.85 and the standard deviation of 1.125, ranked fourth is dust generation with 
construction activities with a mean of 3.81 and the standard deviation of 1.301. Ranked 
fifth is land pollution with a mean of 3.66 and the standard deviation of 1.267. The 
sixed ranked factor is landscape alteration with a mean of 3.63 and the standard 
deviation of 1.173. The seventh ranked factor is air pollution with a mean of 3.59 and 
the standard deviation of 1.201. The eighth ranked factor is Health and safety concerns 
due to poor house keeping with a mean of 3.55 and the standard deviation of 1.244. The 
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ninth ranked factor is water pollution with a mean of 3.51 and the standard deviation of 
1.316. The tenth ranked factor is soil erosion with a mean of 3.36 and the standard 
deviation of 1.309. Ranked eleventh is energy misuse with a mean of 3.19 and the 
standard deviation of 1.385. The twelfth ranked factor is chemical pollution with a mean 
of 2.84 and the standard deviation of 1.0693 and the last ranked factor is radiation 
exposure with a mean of 2.71 and the standard deviation of 1.416. 
 
 
Table 7.4 Ranked Pollution related effects of construction on the environment  
 
  Rank Mean Std. Deviation 
Waste generation 1 3,97 1,170 
Construction demolition 2 3,96 1,156 
Noise pollution 3 3,85 1,125 
Dust generation with construction 
activities 
4 3,81 1,301 
Land pollution 5 3,66 1,267 
Landscape alteration 6 3,63 1,172 
Air pollution 7 3,59 1,201 
Health and safety concerns due to poor 
house keeping 
8 3,55 1,244 
Water pollution 9 3,51 1,316 
Soil erosion 10 3,36 1,309 
Energy misuse 11 3,19 1,385 
Chemical pollution 12 2,84 1,369 
Radiation exposure 13 2,71 1,416 
 
std.deviation = standard deviation 
7.3.3 Section C: Factors influencing environmental sustainability performance of 
construction projects  
Table 7.5 below discloses the respondents ranking of their perception of the 
measurement of the legislation policy-related factors that influence environmental 
sustainability performance on construction projects in South Africa. Using the 
following measures: not significant (NS), somewhat not significant (SN), neutral (N), 
somewhat significant (SS), very significant (VS). 
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The following results as shown in Table 7.5 were obtained ‘Implementation of a 
practical monitoring system’ was ranked first with a mean score of 4.43 and a standard 
deviation (SD) = 0.753; Implementing local material protection policy was ranked 
second with a mean score of 4.405 and a (SD) = 0.723; same as increasing client 
awareness with a mean score of 4.405 and a (SD) = 0.950. Promotion of eco-friendly 
materials was ranked third with a mean score of 4.39 and a (SD) = 0.753. Ensuring 
sustainable employment opportunities was ranked fourth with a mean score of 4.37 and 
a (SD) = 0.785, improved administration effectiveness’ was positioned fifth with a 
mean score of 4.32 and a (SD) = 0.861, implementing strategies to enhance the 
continuity of sustainable affordable projects was ranked sixth with a mean score of 4.24 
and a (SD) = 0.753. Enhancing efficiency policies in design and construction was 
ranked seventh with a mean score of 4.22 and a (SD) = 0.786. Adherence to labour 
intensive construction policies was ranked eighth with a mean score of 4.18 and a (SD) 
= 0.845 Establishment of education and training in sustainable practices was ranked 
ninth with a mean score of 4.12 and a (SD) = 0.820 and lastly ranked was appointing 
value managers to advise on the efficient use of resources with a mean score of 4.00 
and a (SD) = 0.854. 
Table 7.5 Measurement of Legislation policy-related factors that influence 
environmental sustainability performance on construction projects 
  Rank Mean Std. Deviation 
Implementation of a practical monitoring system 1 4,43 0,753 
Implementing local material protection policy 2 4,40 0,723 
Increasing client awareness 2 4,40 0,950 
Promotion of eco-friendly materials 3 4,39 0,762 
Ensuring sustainable employment opportunities 4 4,37 0,785 
Improving administrative effectiveness 5 4,32 0,861 
Implementing strategies to enhance the continuity 
of sustainable affordable projects 
6 4,24 0,753 
Enhancing efficiency policies in design and 
construction 
7 4,22 0,786 
Adherence to labour intensive construction 
policies 
8 4,18 0,845 
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Establishment of education and training in 
sustainable practices 
9 4,12 0,820 
Appointing value managers to advise on the 
efficient use of resources 
10 4,00 0,854 
 
Table 7.6 below discloses the respondents ranking of their perception of the 
measurement of the design-related factors that influence environmental sustainability 
performance on construction projects in South Africa. Using the following measures: 
not significant (NS), somewhat not significant (SN), neutral (N), somewhat significant 
(SS), very significant (VS). 
 
The following results as shown in Table 7.6 were obtained; first ranked with a mean 
score of 4.40 and a standard deviation (SD) = 0.694 was Design errors, Poor design 
quality was ranked second with a mean score of 4.34 and a (SD) = 0.739, Inexperienced 
designer was ranked third with a mean score of 4.30 and a (SD) = 0.701. Designing to 
obtain minimum waste was ranked fourth with a mean score of 4.24 and a (SD) = 0.737, 
Specifying materials with low environmental impact was positioned fifth with a mean 
score of 4.18 and a (SD) = 0.780, Wrong design compilations was ranked sixth with a 
mean score of 4.13 and a (SD) = 0.891. Providing flexible and green designs ranked 
seventh with a mean score of 4.07 and a (SD) = 0.962. Frequent design changes were 
ranked last with a mean score of 3.95 and a (SD) = 1.117. 
 
Table 7.6 Measurement of Design-related factors that influence environmental 
sustainability performance on construction projects  
 
 Rank Mean Std. Deviation 
Design errors 1 4.40 0.694 
Poor design quality 2 4.34 0.739 
Inexperienced designers 3 4.30 0.701 
Designing to obtain minimum waste 4 4.24 0.737 
Specifying materials with low environmental impact 5 4.18 0.780 
Wrong design compilations 6 4.13 0.891 
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Providing flexible and green designs 7 4.07 0.962 
Frequent design changes 8 3.95 1.117 
 
Table 7.7 below discloses the respondents ranking of their perception of the 
measurement of the construction-related factors that influence environmental 
sustainability performance on construction projects in South Africa. Using the 
following measures: not significant (NS), somewhat not significant (SN), neutral (N), 
somewhat significant (SS), very significant (VS). 
 
The following results as shown in Table 7.7 were obtained, first ranked with a mean 
score of 4.49 and a standard deviation SD = 0.610 was encouraging energy use through 
use of natural light, encouraging the use of re-usable building was ranked second with 
a mean score of 4.42 and a SD = 0.739, encouraging the use of recyclable materials was 
ranked third with a mean score of 4.37 and a SD = 0.705. Usage of products with high 
recycled content was ranked fourth with a mean score of 4.28 and a SD = 0.725, 
frequent change of sub-contractors was positioned fifth with a mean score of 4.21 and 
a SD = 0.889, minimising energy in use was ranked sixth with a mean score of 4.21 and 
a SD = 0.703, as well as increasing costs associated with disposal with a mean score of 
4.15 and a SD of 0. 987. The factor ranked seventh was Avoiding and minimizing waste 
with a SD of 4.12 and a SD of 0.658. Using more efficient appliances was ranked eight 
with a mean of 4.11 and a SD of 0.930. Reducing of water usage ranked ninth with a 
mean score of 4.09 and a SD = 0.911, as well as storing and collecting recyclables with 
a mean score of 4.09 and a SD of 0.866. Usage of water efficiently during construction 
was ranked tenth with a mean score of 4.08 and a SD of 0.736, encouraging construction 
waste management was ranked eleventh with a mean score of 4.07 and a SD of 0.934, 
ranked twelfth is maintaining of existing walls with a mean score of 3.98 and a SD of 
1.039, changing renewable energy source was ranked thirteenth with a mean score of 
3.84 and a SD of 0.744, and ranked last was sourcing building materials locally to 
reduce truck deliveries with a mean score of 3.79 and a SD of 1.032. 
 
 
 105 
Table 7.7 Measurement of construction-related factors that influence 
environmental sustainability performance on construction projects  
 
 Rank Mean Std. Deviation 
Encouraging energy use through use of natural light 1 4.49 0.610 
Encouraging the use of re-usable building 2 4.42 0.739 
Encouraging the use of recyclable materials 3 4.37 0.705 
Usage of products with high recycled content 4 4.28 0.725 
Frequent change of sub-contractors 5 4.21 0.889 
Minimising energy in use 6 4.15 0.703 
Increasing costs associated with disposal 6 4.15 0.987 
Avoiding and minimizing waste 7 4.12 0.658 
Using more efficient appliances 8 4.11 0.930 
Reducing of water usage 9 4.09 0.911 
Storing and collecting recyclables 9 4.09 0.866 
Usage of water efficiently during construction 10 4.08 0.736 
Encouraging construction waste management 11 4.07 
 
0.934 
Maintaining of existing walls 12 3.98 1.039 
Changing renewable energy source 13 3.84 0.744 
Sourcing building materials locally to reduce truck 
deliveries 
14 3.79 1.032 
 
Table 7.8 reveals the respondents ranking of their perception of the drivers towards 
environmental sustainability performance on construction projects in South Africa. 
Using the following measures: Strongly disagree (SD), disagree (D), neutral (N), agree 
(A) and strongly agree (SA). 
 
The following results as shown in Table 7.8 were obtained, first ranked with a mean 
score of 4.42 and a standard deviation SD = 0.942 was clients’ approval, planning of 
policy intervention was ranked second with a mean score of 4.23 and a SD of 0.826, 
better construction waste management was ranked third with a mean score of 4.22 and 
a SD = 0.904. More investment in sustainable construction projects was ranked fourth 
with a mean score of 4.20 and a SD of 0.886, Measurement of sustainable materials 
was positioned fifth with a mean score of 4.19 and a SD of 0.678, water use reduction 
was ranked sixth with a mean score of 4.17 and a SD of 0.804, Reduction of energy use 
with a mean score of 4.16 and a SD of 0. 825. Affordability was ranked eight with a 
mean of 4.15 and a SD of 0.880, while additional proven alternative technologies was 
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ranked ninth with a mean score of 4.10 and a SD of 0.835, ranked tenth was more 
financial incentives towards environmental sustainability performance with a mean 
score of 4.09 and a SD of 0.842, and ranked last was improve client awareness with a 
mean score of 4.05 and a SD of 0.998. 
7.3.4 Section D: Drivers for improved environmental sustainability performance 
on construction projects  
 
Table 7.8 Drivers of Environmental Sustainability performance 
 
 Rank Mean Std. Deviation 
Clients’ approval 1 4.24 0.942 
Planning of policy intervention 2 4.23 0.826 
Better construction waste management 3 4.22 0.904 
More investment in sustainable construction projects 4 4.20 0.886 
Measurement of sustainable materials 5 4.19 0.678 
Water use reduction 6 4.17 0.804 
Reduction of energy use 7 4.16 0.825 
Affordability 8 4.15 0.880 
Additional proven alternative technologies 9 4.10 0.835 
More financial incentives towards environmental 
sustainability performance 
10 4.09 0.842 
Improve client awareness 11 4.05 0.998 
 
7.3.5 Section E: Barriers confronting construction companies in achieving 
successful environmental sustainability performance on construction projects  
 
Table 7.9 below discloses the respondents ranking of their perception of time as a Key 
Performance Indicator (KPI) on construction projects and how barriers confront 
construction companies in achieving successful environmental sustainability 
performance on construction projects in South Africa.  
 
The following results as shown in Table 7.9 were obtained, delay in material supply 
and delivery was ranked firsts with a mean score of 4.27 and a SD of 0.763 as well as 
delays in design schedule was ranked first with a mean score of 4.27 and a SD of 0.776, 
Changes to design was ranked second with a mean score of 4.17 and a SD of 0.669, 
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thirdly ranked with a mean score of 4.13 and a standard deviation (SD) of 0.848 was 
slow delivery of material supply Delays in design schedule was positioned fourth with 
a mean score of 4.09 and a SD of 0.974, and ranked last was government held ups with 
a mean score of 4.07 and a SD of 0.890. 
Table 7.9 Time- barrier 
 
 Rank Mean Std. Deviation 
Delay in material supply and delivery 1 4,27 0,763 
Delays in design schedule 1 4,27 0,776 
Changes to design 2 4,17 0,669 
Slow delivery of material supply 3 4,13 0,848 
Delays in construction schedule 4 4,09 0,974 
Government held ups 5 4,07 0,890 
 
Table 7.10 below discloses the respondents ranking of their perception of quality as a 
KPI on construction projects and how barriers confront construction companies in 
achieving successful environmental sustainability performance on construction projects 
in South Africa.  
 
The following results as shown in Table 7.10 were obtained, first ranked with a mean 
score of 4.28 and a standard deviation (SD) of 0.605 was lack of training/education in 
sustainable design, availability of materials was ranked second with a mean score of 
4.10 and a SD of 0.926 as well as Lack of skilled employees in second position with a 
mean score of 4.10 and a SD of 0.0.926. Lack of finances was ranked third with a mean 
score of 4.07 and a SD of 0.913, same as minimum inspection with a SD of 4.07 and a 
SD of 0.913, and ranked last was lack of training/education in sustainable construction 
processes with a mean score of 4.03 and a SD of 0.859. 
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Table 7.10 Quality - Barrier 
 
 Rank Mean Std. Deviation 
Lack of training/education in 
sustainable design 
1  4,28 0,605 
Availability of materials 2  4,10 0,926 
Lack of skilled employees 2  4,10 0,926 
Lack of finances 3  4,07 0,913 
Minimum inspection 3  4,07 0,890 
Lack of training/education in 
sustainable construction processes 
5  4,03 0,859 
 
Table 7.11 below discloses the respondents ranking of their perception of cost as a Key 
Performance Indicator (KPI) on construction projects and how barriers confront 
construction companies in achieving successful environmental sustainability 
performance on construction projects in South Africa.  
 
The following results as shown in Table 7.11 were obtained, first ranked with a mean 
score of 4.18 and a standard deviation (SD) of 0.757 was high maintenance cost of 
renewal materials, high cost of construction ranked second with a mean score of 4.08 
and a SD of 0.664, lack of payment by client was ranked in third position with a mean 
score of 4.01 and a SD of 0.830. Poor quality equipment was ranked fourth with a mean 
score of 4.00 and a SD of 0.938. Inflation was positioned fifth with a mean score of 
3.76 and a SD of 1.114 and ranked last was increase in salaries and wages with a mean 
score of 3.68 and a SD of 1.057. 
Table 7.11 Cost- Barrier 
 
 
 Rank Mean Std. Deviation 
High maintenance cost of renewal materials 1 4,18 0,757 
High cost of construction 2 4,08 0,664 
Lack of payment by client 3 4,01 0,830 
Poor quality equipment 4 4,00 0,938 
Inflation 5 3,76 1,114 
Increase in salaries and wages 6 3,68 1,057 
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7.3.6 Section F: Ways to regulate Environmental Sustainability Performance on 
construction projects  
 
Table 7.12 below discloses the respondents ranking of their perception of what they 
perceived when they look at measures to regulate environmental sustainability 
performance on construction projects in South Africa. Using the following measures: 
Strongly disagree (SD), disagree (D), neutral (N), agree (A) and strongly agree (SA). 
 
The following results as shown in Table 7.12 were obtained, first ranked with a mean 
score of 4.56 and a standard deviation (SD) of 0.753 was use of appropriate construction 
methods, adequate planning was ranked second with a mean score of 4.50 and a SD of 
0.659, appointment of experienced contractors was ranked third with a mean score of 
4.47 and a SD of 0.609, appointment of high experienced committed design team was 
ranked fourth with a mean score of 4.45 and a SD of 0.741, implementing government 
regulations/mandatory standards was also positioned fourth with a mean score of 4.45 
and a SD of 0.714, proper pre-contract planning with a mean score of 4.42 and a SD of 
0.739 was ranked fifth. Ranked sixth was completed design at time of project 
commencement with a mean score of 4.41 and a SD of 0.951, the factor ranked seventh 
was use of up to date technology waste with a SD of 4.39 and a SD of 0.885, 
training/educating of construction professionals sustainable on design was ranked eight 
with a mean of 4.39 and a SD of 0.735, training/educating of construction professionals 
on construction processes ranked ninth with a mean score of 4.38 and a SD is 0.824, 
usage of better information on costs of eco- friendly materials was ranked tenth with a 
mean score of 4.36 and a SD of 0.880, availability of information on sustainable 
building methods was ranked eleventh with a mean score of 4.34 and a SD of 0.817 as 
well improved interest from project team members with a mean score of 4.34 and a SD 
of 0.865, appointment of highly experienced technical consultants was ranked twelve 
with a mean score of 4.31 and a SD of 0.835, better information on benefits of green 
building materials was ranked thirteenth with a mean score of 4.29 and a SD of 0.854, 
ranked fourteenth was low cost of eco-friendly construction materials with a mean score 
of 4.25and a SD of 0.965, allocation of adequate project duration was ranked fifteenth 
with mean score of 4.24 and a SD of 0.853, changing renewable energy source was 
ranked thirteenth with a mean score of 3.84 and a SD of 0.744, decrease variation orders 
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was ranked sixteenth with a mean score of 4.18 and a SD of 0.976, ranked seventeenth 
was good workmanship with mean score of 4.07 and a SD of 0.868 and ranked last was 
change in negative perception of developers with a mean score of 4.07 and a SD of 
1.060.  
Table 7.12 Measures to regulate Measures to regulate environmental 
sustainability performance on construction projects 
 
 Rank Mean Std. Deviation 
Use of appropriate construction 
methods 
1 4.56 0.753 
Adequate planning 2 4.50 0.659 
Appointment of experienced 
contractors 
3 4.47 0.609 
Appointment of high experienced 
committed design team 
4 4.45 0.741 
Implementing government 
regulations/mandatory standards 
4 4.45 0.714 
Proper pre-contract planning 5 4.42 0.739 
Completed design at time of project 
commencement 
6 4.41 0.951 
Use of up to date technology 7 4.40 0.885 
Training/educating of construction 
professionals sustainable on design 
8 4.39 0.735 
Training/educating of construction 
professionals on construction 
processes 
9 4.38 0.824 
Usage of better information on costs 
of eco- friendly materials 
10 4.36 0.880 
Availability of information on 
sustainable building methods 
11 4.34 0.817 
Improved interest from project team 
members 
11 4.34 0.865 
Appointment of highly experienced 
technical consultants 
12 4.31 0.835 
Better information on benefits of 
green building materials 
13 4.29 0.854 
Low cost of eco-friendly 
construction materials 
14 4.25 0.965 
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Allocation of adequate project 
duration 
15 4.24 0.853 
Decrease variation orders 16 4.18 0.976 
Good workmanship 17 4.07 0.868 
Change in negative perception of 
developers 
18 4.06 1.060 
 
7.4 Chapter summary  
This chapter comprises of the presentation of the results which was collected 
throughout a well-structured questionnaire and completed by quantity surveyors, 
construction managers, project managers, civil engineers, architects, construction 
project managers who are involved in construction projects in the Free State province.  
Further results were presented through graphs, tables and figures. The next chapter will 
focus on the discussion of these results from the study in relation to the research 
questions and research objectives that were formulated in Chapter One in order to 
establish whether the research objectives were met.  
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Chapter 8 
8.0 Discussion of Results  
8.1 Chapter introduction 
Chapter Eight discusses the study’s results as it concerns the evaluation of factors 
influencing environmental sustainability performance of construction projects in South 
Africa using a case study of the Free State Province. The results are discussed in relation 
to the literature covered in chapter two, three, four and five to ensure that the objectives 
of the research have been matched from the finding analysis conducted.  
This is with the view of establishing if the defined research questions have been 
‘answered’. The results have been presented in relation to the research question and the 
relevant data as required.  
 
8.2 Background information 
 On this section of the research, a discussion has been presented by the study of the data 
extracted regarding the respondents’ background information with all their details as 
follows: gender, age group, professional occupation, qualification, years of experience, 
and the sector of respondents’ occupation, their knowledge on ESP.  
 
8.3 Background information results 
The finding of the 101 valid questionnaires showed that 84.2% of the respondents 
were males and 15.8% were females. 
 
The sub-question related to the age group were as follow: 3% of the respondents were 
on the age group 21-25 years old, 14.9% of the respondents were on the age group 26-
30 years old, 23.8% of the respondents were on the age group 31-35 years old, as well 
as age group 36-40 years old, 24.8% of the respondents were on the age group 41-45 
years old, 8.9% of the respondents were on the age group 46-50 years old, and the last 
group of 1 % of the respondents were on the age group 51-55 years old. 
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The findings related to the respondents’ occupation in the company, results showed that 
6.9% were architects, 8.9% were civil engineers, 17,8% were project managers, 18% 
Quantity Surveyors, Construction managers were the majority which was 33.7%, 
Construction project managers were 12.9%, And Health and Safety Officers were the 
remaining respondents. 
 
The highest education qualifications of the respondents show that 27% of the 
respondents had a certificate or diploma, 31% had bachelor’s degrees, 26% had honours 
degree, with 14% Masters Degrees, and 3% Doctoral degrees. 
 
Work experience of the respondents sampled in the industry reveals that 2% had less 
than one year experience, 3% had experience that ranged from one to two years, 11.9% 
had experience in the range of two to five years, 32.7% had experience that ranged 
between five to ten years, as well as 32.7% had experience that ranged between 10 to 
15 years, 10.9% had experience that ranged between 15 to 20 years, while 6.9 % of the 
respondents had more than 20 years’ experience in the construction industry.  
Figure 7.3 depicts the current sector in which respondents are working. 37% of the 
respondents work for the public sector, 54% for private sector and 10% of respondents 
work for both sectors, where most of them represent consulting firms.  
 
Figure 7.4 represents the respondents’ knowledge of sustainable construction. The 
majority (61%) of the respondents knew about environmental sustainability 
performance on construction projects and 39% of the respondents did not know what 
environmental sustainable performance was. 
The number of projects the respondents have been involved in over the years is revealed 
by figure 7.5. The data analysis shows that in the past three years total of 1% were not 
involved in any project, 9.9% were involved in one or two projects, 35.6% were 
involved in three to four projects, 23.8% were involved in five to six projects, 17.8% 
were involved in seven to eight projects and 11.9% were involved in more than eight 
projects in the past three years.  
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Figure 7.6 reveals the number of projects were methods were adopted to advance 
environmental sustainability performance. The majority (61.4%) of the respondents, 
have never implemented environmental sustainability performance in any of their 
projects, 36.6% of the respondents’ adopted ESP method js in one or two projects and 
2% have adopted ESP methods in three or more projects.  
The majority of the respondents are aware of sustainable construction. However, the 
minority have implemented or adopted measures in advancing with ESP in construction 
projects. Therefore, the population group was suitable for this study due to their 
diversity in ‘‘experience to knowledge’’ ratio on ESP in construction and its measures.  
8.4 Research question one 
What constitutes environmental sustainability performance on a construction project? 
 
8.4.1 Introduction  
The ranking of what constitutes of environmental sustainability performance on 
construction projects were calculated using the mean score (MS) and the standard 
deviation (SD), in accordance with the environmental impact assessment (EIA).  
8.4.2 Drivers of environmental sustainability performance 
It was observed that the most dominant factors includes and ranked from top to bottom 
is clients’ approval, planning of policy intervention, better construction waste 
management, more investment in sustainable construction projects, measurement of 
sustainable materials, water use reduction, reduction of energy use, affordability, while 
additional proven alternative technologies, more financial incentives towards 
environmental sustainability performance, and ranked last was improve client 
awareness. 
Findings 
The finding that waste management is dominant in the eradication of negative impacts 
on the environment was consistent with the findings generated by, minimisation, 
prevention and management are sometimes interchangeably used Al-Hajj and Hamani 
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(2011). The first priority is waste prevention, the second is waste re-use whereas the 
third priority is waste recycle. 
 
Al-Hajj and Hamani (2011) found that poor design leads to excessive off-cuts in 
material which further supports the finding of the respondents.  
 
Furthermore, Poor quality of products and Lack of awareness encourages an increase 
in waste. Variations as well as temporary works has causes waste to evolve as it is an 
activity that encourages more construction work to take place which intervenes with 
the operational system and fast track method of construction leading to design errors 
and rework. Construction companies do not implement formal waste management plans 
on site although the awareness that waste minimisation is part of an organisational 
systems cost control and of their value management activity, even though additional 
proven technologies will only be put in place for reinforcement of an organization. The 
environmental benefits are overlooked, neglected and considered as less important by 
contractors. 
 
Affordability plays a significant role in the progression of construction projects. Timber 
formwork can only be re-used for at most 6-7 times, which results in a matter where a 
large amount of timber waste has to carted away as well as the extra cost of buying new 
formwork commences. However, the use of metal formwork can minimize on-site 
construction waste, but it will surely increase the cost of a project.  
However, Al-Hajj and Hamani (2011) also argues that material waste minimisation is 
not found as a mean to achieve sustainable construction and to save natural resources 
but as a financial solution to increase profit. Therefore, there is a broad scope for 
changing the attitude of construction companies towards the problem of material waste 
in the construction industry. Furthermore, there was other waste minimisation benefits 
picked up other than cost saving, namely, environmental protection, health and safety 
improvement and enhancing the corporate image of the construction company 
undergoing the project. 
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8.5 Research question two 
What are the Key Performance Indicators for measuring environmental sustainability 
performance of construction projects? 
 
8.5.1 Introduction 
The Key Performance indicators for measuring environmental sustainability 
performance on construction projects (with the attention focused on barriers were 
calculated using the mean score (MS) and the standard deviation (SD), in accordance 
with the environmental impact assessment (EIA). It was divided into three main KPI’s 
namely: time, quality and cost.  
8.5.2 Barriers confronting construction companies in achieving successful 
environmental sustainability performance in construction projects 
The study revealed the following KPI’s and their barriers for measuring ESP. Below 
are the results of the findings. 
 Time 
Based on the mean score (MS), standard deviation (SD) and the rankings from the list 
of time: 
Most of the disruption in the system might be due to both delay in design schedule and 
delivery in material supply as they were ranked first. Secondly was change in design 
and this is moreover a big concern as it is a critical factor before any construction 
commencement. Slow delivery of material supply as well as delays in construction 
schedule will certainly delay construction performance. And it goes hand-in-hand with 
government held-ups. 
 Quality 
Based on the mean score (MS), standard deviation (SD) and the rankings from the list 
of time: 
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Outdated project performance measurement can be measured by three main factors, 
which are cost, time and project quality. Previous researchers reasoned that the measure 
of project success can no longer be regulated to the traditional indicators. Therefore, 
the evaluation of other performance indicators is further explored by researchers (Low 
& Chaung, 2006). They advocate the expansion of success measurement towards either 
product success or project management success or both. It is mentioned in other 
research that KPI is useful tool to investigate and manage change in construction 
projects (Low & Chaung, 2006). 
 
The lack of training/education in sustainable design was ranked first, as it justifies why 
education on sustainability is very crucial for environmental construction performance 
purpose. Availability of materials and lack of skilled employees are both ranked second 
as it reveals the importance of preventing project performance. Minimum inspection on 
a normal basis allows room for error and poor-quality execution to the end result or 
product. 
 Cost 
Based on the mean score (MS), standard deviation (SD) and the rankings from the list 
of time: 
High maintenance cost of renewal material and high cost of construction, might lead to 
a lack of payment by client due to a short running of funds and this might stretch the 
project duration which will affect the initial project tendered bill and inflation might 
change the outcome of the priced bill. That can initially put pressure on the contractor 
as salaries and wages becomes a factor to take in consideration.  
Findings 
Literature shows that barriers that confront construction companies in achieving 
successful ESP on construction projects are recognised in the respondents experience, 
which fall under time as a KPI with the most dominant factors in descending order are 
delay in material supply and delivery, delays in design, changes to design, slow delivery 
of material supply delays in design schedule, and government held ups. Under the KPI 
quality, the most dominant factors are lack of training/education in sustainable design, 
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availability of materials, lack of skilled employees, lack of finances, lack of 
training/education in sustainable construction processes. Under the KPI cost, the most 
dominant factors are high maintenance cost of renewal materials, high cost of 
construction, lack of payment by client, poor quality equipment, inflation, and increase 
in salaries and wages. 
Clients expect the service providers to take lead in maturing or improving their services. 
Therefore, clients are afraid that the construction building will end up maximizing the 
costing and timeframe of the project. Environmental sustainability performance issues 
at a later stage, than the design stage causes changes in plan or design, which can enable 
more cost expenditure than savings (Vantage, 2002).  
The quality of the design and construction of these facilities has an influence on the 
efficiency whereby productive activities and provision of services can be delivered. 
The ability of the nation to attract foreign investment can be affected by construction. 
This is vital for globalization in this new age as all nations are competing nations to 
attract foreign investment (Ofori, 2012). 
 
Therefore, clients are afraid that the construction building will end up maximizing the 
costing and timeframe of the project. Environmental sustainability performance issues 
at a later stage, than the design stage causes changes in plan or design, which can enable 
more cost expenditure than savings (Vantage, 2002). It is generally accepted that cost 
of materials account for a great percentage of the total cost of construction projects. 
Therefore, a system for the control of materials on site should be adopted and material 
wastage on site cannot be treated fully without materials control (Wahab & Lawal, 
2011) 
8.6 Research question three 
What type of factors will affect the environmental sustainability performance of 
construction projects?  
 
8.6.1 Introduction 
The ranking of factors influencing environmental sustainability performance on 
construction projects were calculated using the mean score (MS) and the standard 
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deviation (SD). It was divided into three main categories namely: Level of concern to 
which your company contributes and factors influencing environmental sustainability 
performance on construction projects. 
8.6.2.1 Level of concern to which your company contributes 
Findings 
The results of this study reveal the following from the level of concern from various 
individuals of several companies about factors influencing ESP on construction projects 
in South Africa. Waste generation is first ranked first by popular exposure. By 
environmental contrast, the construction industry is responsible for high amounts of 
energy consumptions, global greenhouse gas emissions, waste generation, internal and 
external pollution, recourse depletion and environmental damage (Melchert, 2005; 
Zimmermann, et al., 2005). In order to address overcome the excelling concern of 
today’s resource reduction and the environmental concerns around the global, Life 
Cycle Assessment (LCA) can be implemented to the decision making to improve or 
enhance sustainability (Ortiz & Sonnemann, 2009).  
 
Therefore, there is no shortage of awareness that contractors and consultants are aware 
with construction operation having a negative impact in on the environment. They are 
aware that their construction activities are causing a depletion in natural resources, air 
pollution, excessive energy misuse, water pollution, generation of excessive noise 
pollution and large amount of material waste (Ayarkwa, 2010). 
 
The construction industry involves various activities that plays a significant role in 
environmental sustainability performance. Activities such as excavation work attracts 
soil erosion and engenders dust and air pollution. Activities such as land alterations, 
construction demolition activities, road works, site clearance and building renovation, 
generates a tremendous amount of Construction and demolition waste (Tam and Tam, 
2008). The results of the findings agreed with the literature. The majority of respondents 
encountered the above-mentioned factors in their organizations, with radiation 
exposure being the least exposed factor of them all. 
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8.6.2.2 Factors influencing environmental sustainability performance on 
construction projects 
Findings 
Legislation or policy related factors affecting ESP on construction projects 
The findings of this study reveal the following legislation or policy related factors from 
respondents that factors influencing ESP on construction projects in South Africa. 
Based on the ranking (R) using the mean score (x) and standard deviation (SD), 
 
The factors observed includes ‘Implementation of a practical monitoring system’ (x= 
4.43; SD= 0.753; R1) Implementing local material protection policy ( x= 4.405; SD= 
0.723; R2), increasing client awareness ( x= 4.405; SD = 0.950; R2), Promotion of eco-
friendly materials (x= 4.39; SD= 0.753; R3), Ensuring sustainable employment 
opportunities (x= 4.37; SD= 0.785; R4), improved administration effectiveness’ (x= 
4.32; SD= 0.861;R 5), implementing strategies to enhance the continuity of sustainable 
affordable projects (x= 4.24; SD= 0.753; R6), enhancing efficiency policies in design 
and construction (x= 4.22; SD= 0.786; R7), adherence to labour intensive construction 
policies (x= 4.18; SD= 0.845; R8), establishment of education and training in 
sustainable practices (x= 4.12; SD= 0.820; R9) and appointing value managers to advise 
on the efficient use of resources (x= 4.00;SD= 0.854; R10). The engendering of modern 
technology to encourage efficiency and reduce effects on the environmental resources 
cannot happen in isolation of effective environmental policy and legislation measures 
(Karani, 2008).  
 
The findings was consistent in conjunction with Jaillon and Poons’ (2008) where they 
argued that a good policy system formulated by regulations is ranked as the most 
profound and success factor for implementing and conducting construction and 
demolition waste management in Shenzhen. Furthermore Karavezyris (2007) suggested 
that government usually plays a crucial role in encouraging measures in enforcing 
 121 
policies for the whole industry, which the findings reveal on the matter of poor 
legislative and policy control. 
The findings express the view that South African government should implement an 
operable Environmental management policy to effectively conduct waste sorting, 
recycling, reduction, reuse and disposal.  
 
Design related factors affecting ESP on construction projects 
The findings of this study reveal the following legislation or policy related factors from 
respondents that factors influencing ESP on construction projects in South Africa. 
Based on the ranking (R) using the mean score (x) and standard deviation (SD), 
 
First ranked design errors, poor design quality, inexperienced designer, designing to 
obtain minimum waste, specifying materials with low environmental impact, wrong 
design compilations, providing flexible and green designs, frequent design changes was 
ranked last. 
Findings reveals that the design team believes in the old way of doing things and is 
hesitant to make the first move to new zone (Hamid & Kamar, 2012). On the other 
hand, clients expect the service providers to take lead in maturing or improving their 
services with regards to the proper design specifications and compilation. Therefore, 
clients are afraid that the construction building will end up maximizing the costing and 
timeframe of the project. Finding reveal that design error is the highest ranked factor as 
it has the most impact in ESP. The finding is in unification with the literature of Vintage 
(2002) where he stated that environmental sustainability performance issues at a later 
stage, than the design stage causes changes in plan or design, which can enable more 
cost expenditure than savings..  
Environmental sustainability includes improved project delivery resulting in a greater 
productivity to maintain a high and stable level of economic growth. It also deals with 
operation or conservation, design, construction and deconstruction approaches that 
diminishes the adverse impacts on the environment such as waste discharge, use of 
water resources, land use, air emissions, and many others (Parkin & Sally, 2003). 
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Construction related factors affecting ESP on construction projects 
First ranked was encouraging energy use through use of natural light, encouraging the 
use of re-usable building, encouraging the use of recyclable materials, usage of products 
with high recycled content, frequent change of sub-contractors was positioned fifth, 
minimising energy in use, increasing costs associated with disposal, avoiding and 
minimizing waste, using more efficient appliances, reducing of water usage, storing 
and collecting recyclables, usage of water efficiently during construction, encouraging 
construction waste management, maintaining of existing walls, changing renewable 
energy source and ranked last was sourcing building materials locally to reduce truck 
deliveries.  
The built environment carries a major substantial share of environmental impact of our 
society, along with industrial and transportation processes according to Ahn, et al 
(2010). It accounts for roughly 40% of total energy use, this research by Ahn, et al 
(2010) justifies why encouraging energy use through the use of natural light is ranked 
number one factor. When economies grow more infrastructure, facilities are needed to 
sustain economic development. Thus, more pressure is placed on natural resources, 
which could affect the environment severely and on all living organisms (Majdalani, et 
al., 2006). The main challenge in the construction industry is to condense the impacts 
of its activities on the environment and local communities. In order to have a more 
sustainable and comprehensive construction industry, contract parties must take the 
control in such transformation (Bennett & Crudgington, 2003). The findings on the 
factors such as reducing of water and using more efficient appliances, is supported by 
the study of Loftness (2004). He stated that during construction operations and 
deconstruction, a large amount of energy, water and raw materials is being consumed 
by construction projects.  
The finding reveals that the encouraging of the use of recyclable material is supported 
by the ‘3Rs aim’ is to enable the three desirable strategies of reduce, reuse and recycle, 
which are structurally arranged in order of importance (Tam & Tam, 2006). Reduction 
is considered as the most efficient and effective method for Construction and 
Demolition (CD) as it offers double benefits of preventing the generation of CD waste 
and the reduction of cost of higher charges for waste disposal, transportation and 
recycling (Poon, 2007; Esin & Cosgun, 2007). Sourcing building materials locally to 
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reduce truck deliveries is also a factor supported by the findings from studies by Poon 
(2007), and; Esin and Cosgun(2007). Reuse is the second most important factor, which 
includes using construction material for the same function, such as the reusing of 
formwork, and for a new function (new-life reuse) such as using the cut-corner of a 
steel bar for supporting shelves. Recycling comes in when reduction and reuse is not 
feasible. Recycling can offer the benefits of reduced demand for new resources, a 
reduction of transport and production energy costs, is a massive gain for construction 
companies as they are cost effective ways of construction. The utilization of waste that 
would otherwise be lost to landfill sites, is a positive gain for a construction firm (Tam, 
2008a). 
 
8.7 Research question four 
How is environmental sustainability performance managed on construction projects?  
 
8.7.1 Introduction 
Measures to regulate environmental sustainability performance on construction projects 
were calculated using the mean score (MS) and the standard deviation (SD).  
8.7.2.1 Measures to regulate environmental sustainability performance on 
construction projects 
It was detected that the most dominant factors includes and ranked from top to bottom; 
use of appropriate construction methods, adequate planning, appointment of 
experienced contractors, appointment of high experienced committed design team was, 
implementing government regulations/mandatory standards, proper pre-contract 
planning, completed design at time of project commencement, use of up to date 
technology waste, training/educating of construction professionals sustainable on 
design, training/educating of construction professionals on construction processes, 
usage of better information on costs of eco- friendly materials, availability of 
information on sustainable building methods, improved interest from project team 
members, appointment of highly experienced technical consultants, better information 
on benefits of green building materials, ranked fourteenth was low cost of eco-friendly 
construction materials, allocation of adequate project duration, changing renewable 
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energy source, decrease variation orders, good workmanship and ranked last was 
change in negative perception of developers. Most of the factors listed are absent in 
organizational systems in the South African construction industry.   
Findings 
Control of eco-friendly material is fairly a new practice in the construction industry. 
Waste control measures has been neglected in general, as the management and the 
designers are mainly concerned on how to control cost without any emphasis on waste 
control measures. It is generally accepted that cost of materials account for a great 
percentage of the total cost of construction projects.  
 
Use of up to date technology is very important. Therefore, a system for the control of 
materials on site should be adopted and material wastage on site cannot be treated fully 
without materials control. Appointment of experienced contractors and consultancies 
are key to eradication of unsustainable building methods. Most loss of materials occurs 
as a result of the decision of the site management as there is a lack in managing the 
material on a construction project.  
 
Education and training are huge barriers to improving the workplace. Decision taken at 
the initial stage of any project that is the design stage, either by the supplier or 
manufacturer of materials are capable of increasing waste level. Since all the burden of 
waste lies solely on the contractor, it is important that the site management should 
ensure a good supervision of materials and apply an effective method of monitoring 
and controlling waste. Waste normally emanates during different stages of construction 
which can be during planning, estimating or construction stage (Wahab & Lawal, 
2011). A more efficient approach to environmental issues related from pre-contract 
planning to production operations brings many advantages to an organizational system 
Testa et al. (2011).  
 
8.8 Chapter summary 
This chapter discussed the findings encountered by construction professionals. The 
study gives respondents feedback regarding different views, success factors, and ways 
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of better environmental sustainability performance. The study delivers measures with 
significant improvement in factors influencing the environment through construction 
projects, resulting in findings somewhat satisfying in regulating environmental 
sustainability performance. The next chapter presents the summary, conclusion and 
recommendations based on the findings as discussed. 
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Chapter 9 
9.0 Summary, Conclusion and Recommendations 
9.1 Chapter introduction 
The current work was conducted in the construction field with the principal aim to 
evaluate the factors influencing the environmental sustainability performance of 
construction projects in South Africa and to determine the relationships between them. 
In this chapter the conclusion and recommendations of the research study are presented 
and discussed in connection with the objectives of the study. In order to achieve the 
desired outcome, the objectives of the study were: 
 To develop an understanding of concept of environmental sustainability 
performance as it concerns construction project delivery; 
 
 To determine the KPIs for measuring environmental sustainability performance 
of construction projects; 
 
 To identify the various approaches to environmental sustainability performance 
management in construction projects; 
 
 To identify the factors influencing the environmental sustainability performance 
of construction projects in South Africa; 
 
 To assess the factors influencing the environmental sustainability performance 
of construction projects in South Africa; 
 
9.1.1 Research objective 1 
The first research objective was to develop an understanding of concept of 
environmental sustainability performance as it concerns construction project delivery. 
 
The literature shows that there are various ESP factors that are exposed to different 
environmental conditions. Furthermore, the literature explains how the concept 
environmental sustainability performance goes hand in hand with sustainable 
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development and it caters for all construction professionals in the industry due to its 
daily occurrence form design phase all the way to construction and demolition phase. 
The research results further expose the respondents’ viewpoint and perception on ESP 
and the findings revealed that almost half of the target population is not fond of the ESP 
as a concept prior to the research questionnaire executed.  
From the survey results obtained from the respondent, the most dominant factors to 
improve environmental sustainability performance includes the clients’ approval, 
planning of policy intervention, better construction waste management, more 
investment in sustainable construction projects, measurement of sustainable materials, 
water use reduction, reduction of energy use, affordability, while additional proven 
alternative technologies, more financial incentives towards environmental 
sustainability performance, and ranked last was improve client awareness. Therefore, 
it can be inferred that the research objective was met based on the findings from the 
structured questionnaire survey.  
9.1.2 Research objective 2 
The second research objective was to determine the KPIs for measuring environmental 
sustainability performance of construction projects 
 
The literature revealed the following KPI’s and their barriers for measuring ESP are 
time, quality and Cost. These three main KPI‘s were broken in to sub-factors which 
were barriers that confronted construction companies in achieving the successful ESP. 
Literature shows that barriers that confront construction companies in achieving 
successful ESP on construction projects are recognised in the respondents experience, 
which fall under time as a KPI with the most dominant factors in descending order are 
delay in material supply and delivery, delays in design, changes to design, slow delivery 
of material supply delays in design schedule, and government held ups. Under the KPI 
quality, the most dominant factors are lack of training/education in sustainable design, 
availability of materials, lack of skilled employees, lack of finances, lack of 
training/education in sustainable construction processes. Under the KPI cost, the most 
dominant factors are high maintenance cost of renewal materials, high cost of 
construction, lack of payment by client, poor quality equipment, inflation, and increase 
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in salaries and wages. These are all factors that needs to be eradicated or minimized in 
order for successful achievement of ESP. 
Findings from the questionnaire survey revealed that most of the disruption in the 
system might be due to both delay in design schedule and delivery in material supply 
as they were ranked first. Secondly was change in design and this is moreover a big 
concern as it is a critical factor before any construction commencement. Slow delivery 
of material supply as well as delays in construction schedule will certainly delay 
construction performance. And it goes hand-in-hand with government held-ups. 
Environmental sustainability performance measurement can be measured by three main 
KPIs, which are cost, time. The expansion of success measurement towards either 
product success or project management success or both. It is mentioned in other 
research that KPI is useful tool to investigate and manage Environmental impacts in 
construction projects (Low & Chaung, 2006).  
 
9.1.3 Research objective 3 
To identify the various approaches to environmental sustainability performance 
management in construction projects 
 
Literature reveals that various approaches to construction companies to eradicate 
negative impacts on the environment and regulate ESP on construction projects. It is 
recognised by respondents that regulations and approaches of management systems 
need to be put in place. The most leading factors in the industry in descending order are 
use of appropriate construction methods, adequate planning, appointment of 
experienced contractors, appointment of high experienced committed design team was, 
implementing government regulations/mandatory standards, proper pre-contract 
planning, completed design at time of project commencement, use of up to date 
technology waste, training/educating of construction professionals sustainable on 
design, training/educating of construction professionals on construction processes, 
usage of better information on costs of eco- friendly materials, availability of 
information on sustainable building methods, improved interest from project team 
members, appointment of highly experienced technical consultants, better information 
 129 
on benefits of green building materials, ranked fourteenth was low cost of eco-friendly 
construction materials, allocation of adequate project duration, changing renewable 
energy source, decrease variation orders, good workmanship and ranked last was 
change in negative perception of developers.  
 
Use of up to date technology was observed as beings very important. Therefore, a 
system for the control of materials on site should be adopted and material wastage on 
site cannot be treated fully without materials control and waste management systems 
are already implemented in developed countries. The South African construction 
industry lacks management systems. An Environmental Management System (EMS) is 
a tool that helps organisations to manage and positively improve their level of influence 
on the environment (Christini, et al., 2004; Oke 2004). An EMS helps a company 
measure its environmental sustainability performance and provides a framework for the 
integration of sustainable development goals within the organisation’s corporate plan 
(Jolevski 2013). 
 
Experienced contractors and consultancies are key to eradication of unsustainable 
building methods, hence the need for appointment of professionals on a project is of 
very important. Most loss of materials occurs as a result of the decision of the site 
management as there is a lack in managing the material on a construction project.  
 
The objective of the study was met, as well as in the literature and from the survey 
conducted. 
 
9.1.4 Research objective 4 
The fourth research objective is to identify and assess the factors influencing the 
environmental sustainability performance of construction projects in South Africa. 
 
The literature disclosed three main categories that affect ESP on construction projects 
namely legislative; Legislative, design, construction. These three main categories were 
broken into sub-factors which influence ESP on construction projects. 
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The findings were consistent in conjunction with the objective where due to a good 
policy system formulated by regulations is ranked as the most profound and success 
factor for implementing and conducting construction and demolition waste 
management. Respondents indicated by most dominant measures that government 
usually plays a crucial role in encouraging measures in enforcing policies for the whole 
industry, which the findings disclose on the matter of poor legislative and policy 
control. The findings express the view that South African government should 
implement an operable Environmental management policy to effectively conduct waste 
sorting, recycling, reduction, reuse and disposal.  
Furthermore, The study reveals that education and training are huge barriers to 
improving the work place. Decision taken at the initial stage of any project that is the 
design stage, either by the supplier or manufacturer of materials are capable of 
increasing waste level. This is a form of management approach by putting education 
prior to practise. Since all the burden of waste lies solely on the contractor, it is 
important that the site management should ensure a good supervision of materials and 
apply an effective method of monitoring and controlling waste as form of practicing 
management. 
Clients expect the service providers to take lead in maturing or improving their services 
with regards to the proper design specifications and compilation. Therefore, clients are 
afraid that the construction building will end up maximizing the costing and timeframe 
of the project. That is why design error is the highest ranked factor as it has the most 
impact in ESP. It is shown by respondents that environmental sustainability 
performance issues at a later stage, than the design stage causes changes in plan or 
design, which can enable more cost expenditure than savings.  
The finding reveals that the encouraging of the use of recyclable material is supported 
by desirable strategies of reduce, reuse and recycle, which are structurally arranged in 
order of importance (Tam & Tam, 2006). These three factors are a remedy to various 
negative environmental impacts, it covers a broad scope of factors, and therefore, the 
achievement of the objective was reached. Also, a more efficient approach to 
environmental issues related from pre-contract planning to the construction process 
brings many advantages to an organizational system. 
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9.2 Conclusion 
Literature review revealed that there are several factors that influence environmental 
sustainability performance on construction projects. The similarities between the 
literature and the current findings were very close. The literature covered a broad 
spectrum of the factors that affect environmental sustainability performance on 
construction projects. These were discovered by various target groups ranging from 
consultancies and architects to contractors.  
The research reveals that different factors influence ESP on different working 
environments. ESP starts from pre-project phase, which is the design phase and so a lot 
of factors can still intervene in the project lifecycle. The findings from the research is 
supported by journal articles, conference proceedings, books and reports done by other 
researchers. Furthermore, findings revealed that there are drivers as well as barriers to 
environmental sustainability performance in construction projects in the Free State, 
South Africa. 
The South African construction industry currently have a sustainability issue as it 
affects environmental performance. Government policies are found not to be too robust 
that is why the construction industry is struggling with management systems in place 
that eradicates factors from affecting construction project performance. There are 
measures that are identified which can be taken by construction professional to regulate 
or manage impacts on the environment while construction projects commence. There 
is a major lack of knowledge on the concept of Environmental Sustainability 
Performance, which made ignorance was a major concern. Therefore, the results 
revealed in this study contribute to the body of knowledge and give valuable 
suggestions on running construction projects in a manner that can motivate the 
implementation of environmental sustainability performance.  
9.3 Recommendation 
The construction industry is an industry that contains a high environmental impact 
scale. Environmental sustainability performance usually starts from during the design 
stage and they are usually initiated by the architect that forms part of the design team. 
The design stage can be affected by various factors such as design error, poor design 
quality, and wrong design compilations and even by an inexperienced designer. 
Environmental dimension of sustainability comprises of increasing client awareness, 
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promotion of eco-friendly materials, recycling, reusing and recreating of materials to 
perform better construction performance in the industry. Furthermore, environmental 
sustainability performance comprises of lower energy use, reduction of potential 
pollution and encouraging the use of renewable building materials. Sustainability in the 
construction industry has proven its worth and the power it holds when executed the 
suitable factors and management approach. Therefore, the following recommendations 
are made:  
 
 Management of energy, natural resources or waste will influence current 
construction performance; failure to plan for a future in which environmental 
factors are likely to be increasingly significant may risk the long-term future of 
a business. It is recommended that companies should manage, measure and 
communicate their environmental sustainability performance and they will find 
them generally in a good space. Such companies will understand how to 
advance in their processes, reduce their costs, comply with regulatory 
requirements and stakeholder expectations, and take advantage of new market 
opportunities 
 
 The implementation of technology will be a general improvement on the long-
term growth of the construction firms. Technology systems will be fundamental, 
and this should be consolidated with extensive instruction and simultaneously 
keep the economic dimension of sustainability at a high by preparing the 
employees to operate at a more environmental controllable manner. This will 
be a significant way of contributing to sustainable development as it is the core 
of moving forward. 
 
 It is recommended that employees go for training and education on 
Environmental impact assessments in order to cultivate their operational level 
in the company. This particular system needs to be strongly adhered to in order 
to maintain constant growth and energy in the firms. 
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 It is further recommended that clients should appoint experienced contractors 
and consultants to motivate the implementation of environmental sustainability 
construction in project lifecycle.  
 
 Construction companies in South Africa hardly implement formal waste 
management plans on site although the awareness that waste minimisation is 
part of an organisational systems cost control and of their value management 
activity. The environmental benefits are overlooked, neglected and considered 
as less important by contractors. Therefore, a waste management plan is of the 
essence in order to maximize profits in the support of company’s growth. 
 
9.4 Areas to further the study 
Further studies are recommended in the following areas:  
  
 Evaluate negative environmental management tools that affects social and 
economic dimension of sustainability.  
 
 Identify the types of construction materials used to encourage environmental 
sustainability and the relationship between materials that are currently been 
used and newly environmentally friendly materials. 
 
 Establish the relationship between project performance and environmental 
impact assessment and sustainable development. 
 
How to integrate all construction professionals on a model that encourages 
environmental sustainability performance in construction   
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11 ANNEX 1 
  
FACULTY OF ENGINEERING AND THE BUILT ENVIRONMENT  
                                                                         
Attn: To Whom It May Concern:  
Dear Sir/Madam,  
Re: Evaluation of Factors Influencing Environmental Sustainability Performance of 
Construction Projects in South Africa.  
 
This survey forms an integral aspect of a research project being carried out by the bearer, Mr. 
CR De Koker, as part of the requirements for the award of a Master of Technology degree 
qualification in Construction Management (M.Tech. Construction Management) at the 
University of Johannesburg, Gauteng Province, South Africa.  
The questionnaire being administered in this instance seeks to elicit the perceptions of 
respondents on the criticality of identified factors in influencing environmental sustainability 
performance of construction projects. As such, responses will be needed to identify the factors 
influencing the environmental sustainability performance of construction projects and the 
criticality of each of these factors. Please be assured that the confidentiality of your response is 
guaranteed.  
If in need for further clarifications, please do not hesitate to contact the promoter of this study, 
Dr. B.O Awuzie on +27515073532 or per email: bawuzie@cut.ac.za or the co-supervisor: Prof. 
C.O Aigbavboa on +27115596398 or per email: caigbavboa@uj.ac.za.  
Many thanks for your anticipated consideration and participation in this research project.  
Yours sincerely,  
  
………………………………………….  
Bankole Awuzie, PhD (Salford)  
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(Senior Research Associate) 
Supervisor  
THE EVALUATION OF FACTORS INFLUENCING ENVIRONMENTAL 
SUSTAINABILITY PERFORMANCE OF CONSTRUCTION PROJECTS IN 
SOUTH AFRICA.  
  
INSTRUCTIONS:  
PLEASE ANSWER THE FOLLOWING QUESTIONS BY CROSSING (X) THE 
RELEVANT BLOCK OR WRITING DOWN YOUR ANSWERIN THE SPACE  
PROVIDED.  
Example of how to complete this questionnaire:  
Which of the following sectors are you working for?  
If you are working in the private sector cross number 2:  
Public sector  1  
Private sector  2  
  
SECTION A–BACKGROUND INFORMATION  
  
This section of the questionnaire refers to biographical or background information. What 
is your gender?  
Male  1  
Female  2  
  
1. What is your age group classification?  
  
21 – 25y  1  
26 – 30 years  2  
31 – 35 years  3  
36 – 40 years  4  
41 – 45 years  5  
46 – 50 years  6  
51 – 55 years  7  
56 years or older  8  
  
  
  
 
 159 
 
 
  
  
2. What is your occupation in the company?  
  
Architect  1  
Civil engineer  2  
Project manager  3  
Quantity surveyor  4  
Construction manager  5  
Construction project manager  6  
 Other  7  
  
     If other, please specify             
  
  
3. What is your highest educational qualification?  
  
Certificate or diploma  1  
Bachelor’s degree  2  
Honour’s degree  3  
Master’s degree  4  
Doctoral degree  5  
Other (please specify) ………..  6  
  
  
4. How many years of experience do you have in the construction industry?  
   
Less than 1 year  1  
1 – 2 years  2  
2 – 5 years  3  
5 – 10 years  4  
10 – 15 years  5  
15 – 20 years  6  
More than 20 years  7  
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5. For which organizations do you currently work?     
       Mark all applicable      
 Public sector  1  
 Private sector  2  
  
       If other, please specify             
 
 
 Environmental Sustainability performance  
  
Relying on the design of a project to achieve the goal of sustainable development, or to 
minimise environmental impacts through appropriate management on site, is not 
sufficient to handle the current problem. Sustainability assessment goes even further than 
at the design stage of a project to consider its importance at an early stage, before any 
detailed design or even before a commitment is made to go ahead with a development. 
Therefore, environmental factors need to be taken into consideration. (Hensen & 
Lamberts, 2011). Environmental sustainability performance in construction is about 
creating infrastructure and construction methods that are environmentally friendly. It is 
about minimising waste, pollution, noise and traffic and providing a safer working 
environment for all involved in construction maintenance, use and eventual removal of 
buildings or structures (Enshassi, et al., 2016).  
  
  
6. Prior to the explanation, did you know what environmental sustainability 
performance meant?  
  
Yes  1  
No  2  
  
7. In how many construction projects have you been involved in the past three 
years?       
 None  1  
 1 - 2 projects   2  
 3 - 4 projects  3  
 5 – 6 projects  4  
 7 - 8 projects  5  
More than 8 projects  6  
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8. In how many of these projects were methods adopted to advance environmental 
sustainability performance?  
  
  
None  1  
 1 - 2 projects   2  
 3 - 4 projects  3  
 5 – 6 projects  4  
 7 - 8 projects  5  
More than 8 projects  6  
 
 
 
SECTION B: FACTORS INFLUENCING ENVIRONMENTAL 
SUSTAINABILITY PERFORMANCE OF CONSTRUCTION PROJECTS 
WITHIN YOUR ORGANIZATIONAL EXPERIENCE  
  
 
This section of the questionnaire explores the factors that influences environmental 
sustainability performance of construction projects.  
  
Please indicate your answer using the following 5-point scale where:  
  
1 = Not significant (NS); 2 = Somewhat not significant (SN); 3 = Neutral (N); 4 = 
Somewhat Significant (SS); 5 = Very Significant (VS)   
  
a. To what extent does your organization and/or its supply chain contribute to the 
following pollution types during its involvement with construction-related 
activities?  
  
  Level of concern to which your company contributes  NS  SN  N  SS  VS  
1  Chemical pollution  1 2 3 4 5 
2  Land pollution  1 2 3 4 5 
3  Dust generation with construction activities  1 2  3 4 5 
4  Air pollution  1 2  3  4 5 
5  Construction demolition  1 2 3 4 5 
6  Waste generation   1 2 3 4 5 
7  Water pollution  1 2 3 4 5 
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8  Energy misuse  1 2 3 4 5 
9  Soil erosion  1 2 3 4 5 
10  Radiation exposure  1 2 3 4  5 
11  Landscape alteration  1 2 3 4 5 
12  Noise pollution  1 2 3 4 5 
13  Health and safety concerns due to poor house keeping  1 2 3 4 5 
  
  
SECTION C: FACTORS INFLUENCE ENVIRONMENTAL SUSTAINABILITY 
PERFORMANCE OF CONSTRUCTION PROJECTS  
  
This section of the questionnaire explores the incidence of Legislation, Design and 
Construction related factors influences environmental sustainability performance of 
construction projects.  
  
Please indicate your answer using the following 5-point scale where:  
  
1 = Not significant (NS); 2 = Somewhat not significant (SN); 3 = Neutral (N); 4 = 
Somewhat Significant (SS); 5 = Very Significant (VS)  
  
b. To what extent do these factors influence environmental sustainability performance 
of construction projects?  
 
  
  
  
  
  
  
  
Legislation/  
Policy-related  
  
  
  
  
  
  
    NS  SN  N  SS  VS  
1  Promotion of eco-friendly materials  1  2  3  4  5  
2  Adherence to labour intensive construction 
policies  
1  2  3  4  5  
3  Implementing local material protection policy  1  2  3  4  5  
4  Improving administrative effectiveness  1  2  3  4  5  
5  Implementing strategies to enhance the 
continuity of sustainable affordable projects  
1  2  3  4  5  
6  Increasing client awareness  1  2  3  4  5  
7  Ensuring  sustainable  employment 
opportunities  
1  2  3  4  5  
8  Establishment of education and training in 
sustainable practices  
1  2  3  4  5  
8  Appointing value managers to advise on the 
efficient use of resources  
1  2  3  4  5  
9  Enhancing efficiency policies in design and 
construction  
1  2  3  4  5  
10  Implementation of a practical monitoring 
system  
1  2  3  4  5  
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Design-related  
    NS  SN  N  SS  VS  
1  Specifying materials with low environmental 
impact  
1 2 3 4 5 
2  Poor design quality  1 2 3 4 5 
3  Designing to obtain minimum waste  1 2 3 4 5 
4  Design errors  1 2 3  4 5 
5  Inexperienced designer  1 2 3 4 5 
6  Providing flexible and green designs  1 2 3 4 5 
7  Wrong design compilations  1 2 3 4 5 
8  Frequent design changes  1  2  3  4  5  
  
  
  
  
  
  
  
Construction- 
related  
    NS  SN  N  SS  VS  
1  Encouraging the use of re-usable building 
materials  
1  2  3  4  5  
2  Changing renewable energy sources  1  2  3  4  5  
3  Encouraging the use of recyclable materials  1  2  3  4  5  
4  Encouraging energy use through use of 
natural light  
1  2  3  4  5  
  
  
  
  
5  Frequent changes of sub-contractors  1  2  3  4  5  
6  Storing and collecting recyclables  1  2  3  4  5  
7  Maintaining of existing walls  1  2  3  4  5  
8  Increasing costs associated with disposal   1  2  3  4  5  
9  Reducing of water usage  1  2  3  4  5  
10  Encouraging  construction  waste 
management  
1  2  3  4  5  
11  Usage of products with high recycled content  1  2  3  4  5  
12  Usage of water efficiently during 
construction  
1  2  3  4  5  
13  Avoiding and minimizing waste   1  2  3  4  5  
14  Minimising energy in use  1  2  3  4  5  
15  Sourcing building materials locally to reduce 
truck deliveries  
1  2  3  4  5  
16  Using more efficient appliances  1  2  3  4  5  
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SECTION D: DRIVERS OF ENVIRONMENTAL SUSTAINABILITY 
PERFORMANCE ON  
CONSTRUCTION PROJECTS  
  
This section of the questionnaire explores the drivers of the implementation of 
environmental sustainability performance on construction projects in the South African 
construction.  
  
Please indicate your answer using the following 5-point scale where:  
  
1 = Strongly disagree (SD); 2 = Disagree (D); 3 = Neutral (N); 4 = Agree (A); 5 = 
Strongly agree (SA)  
  
c. To what extent do you agree that the following are drivers of environmental 
sustainability performance on construction projects in South Africa?   
 
  
  DRIVERS OF ENVIRONMENTAL SUSTAINABILITY  
PERFORMANCE  
SD  D  N  A  SA  
1  Clients’ approval  1  2  3  4  5  
2  Better construction waste management  1  2  3  4  5  
3  Reduction of energy use  1  2  3  4  5  
4  Planning of policy intervention  1  2  3  4  5  
5  Improve client awareness  1  2  3  4  5  
6  More financial incentives towards environmental sustainability 
performance   
1  2  3  4  5  
7  Water use reduction  1  2  3  4  5  
8  Affordability  1  2  3  4  5  
9  Additional proven alternative technologies  1  2  3  4  5  
10  More investment in sustainable construction projects  1  2  3  4  5  
11  Measurement of sustainable materials  1  2  3  4  5  
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SECTION E: BARRIERS CONFRONTING CONSTRUCTION COMPANIES 
IN  
ACHIEVING SUCCESSFUL ENVIRONMENTAL SUSTAINABILITY 
PERFORMANCE IN CONSTRUCTION PROJECTS  
  
This section of the questionnaire evaluates the barriers faced by construction companies 
during construction project phase.  
  
Indicate your answer using the following 5-point scale where:  
  
1 = Strongly disagree (SD); 2 = Disagree (D); 3 = Neutral (N); 4 = Agree (A); 5 = 
Strongly agree (SA)  
  
d. To what extent do you agree that the following are barriers to the attainment of 
successful environmental sustainability performance in construction projects by 
construction organizations in South Africa?  
  
 
  
  
  
  
    Time  
  
  
    SD  D  N  A  SA  
1  Slow delivery of material supply  1 2 3 4 5 
2  Delays in construction schedule  1 2 3 4 5 
3  Delays in design schedule  1 2 3 4 5 
4  Changes to design  1 2 3 4  5  
5  Delay in material supply and delivery  1 2 3 4 5 
6  Government held ups  1 2 3 4 5 
  
    
  
  
  
  
Quality  
    SD  D  N  A  SA  
1  Availability of materials  1 2 3 4 5 
2  Lack of training/education in sustainable 
construction processes  
1 2 3 4 5 
3  Minimum inspection   1 2 3 4 5 
4  Lack of finances  1 2 3 4 5 
5  Lack of skilled employees  1 2 3 4 5 
6  Lack of training/education in sustainable 
design  
1 2 3 4 5 
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Cost  
1  High cost of construction  1 2 3 4 5 
2  High maintenance cost of renewal 
materials  
1 2 3 4 5 
3  Lack of payment by client  1 2 3 4 5 
  
4  Inflation  1 2 3 4 5 
5  Poor quality equipment  1 2 3 4 5 
6  Increase in salaries and wages  1 2 3 4 5 
  
  
 
SECTION F: WAYS TO REGULATE THE ENVIRONMENTAL 
SUSTAINABILITY PERFORMANCE ON CONSTRUCTION 
PROJECTS IN SOUTH AFRICA  
  
  
This section of the questionnaire explores ways of regulating the environmental 
sustainability performance on construction projects in South Africa  
  
  
  
Please indicate your answer using the following 5-point scale where:  
  
1 = Strongly disagree (SD); 2 = Disagree (D); 3 = Neutral (N); 4 = Agree (A); 5 = 
Strongly agree (SA)  
  
e. To what extent do you agree that the following measures can be used to regulate 
environmental sustainability performance in the South African construction 
industry?  
  
  MEASURES TO REGULATE CONSTRUCTION  
ACTIVITIES  
SD D N A SA 
1  Appointment of high experienced committed design team  1 2 3 4 5 
2  Implementing government regulations/mandatory 
standards  
1 2 3 4 5 
3  Appointment of experienced contractors    1 2 3 4 5 
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4  Usage of better information on costs of eco- friendly   
materials  
1 2 3 4 5 
5  Appointment of highly experienced technical consultants 
   
1 2 3 4 5 
6  Low cost of eco-friendly construction materials    1 2 3 4 5 
7  Change in negative perception of developers    1 2 3 4 5 
8  Use of up to date technology    1 2 3 4 5 
9  Adequate planning    1 2 3 4 5 
10  Training/educating construction professionals sustainable 
  on design  
1 2 3 4 5 
11  Training/educating of construction professionals on   
construction processes   
1 2 3 4 5 
12  Decrease variation orders    1 2 3 4 5 
13   Improved interest from project team members    1 2 3 4 5 
14  Allocation of adequate project duration  1 2 3 4 5 
15  Availability of information on sustainable building 
methods  
1 2 3 4 5 
 16  Completed design at time of project commencement  1 2 3 4 5 
 17  Use of appropriate construction methods  1 2 3 4 5 
 18  Better information on benefits of green building materials  1 2 3 4 5 
 19  Good workmanship  1 2 3 4 5 
 20  Proper pre-contract planning  1 2 3 4 5 
  
Thank you  
 
 
 
 
 
 
  
